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FOREWORD

Volume II: Weight/Volume Handbook

The SSSP documentation is presented in two volumes. Volume
[ contains the basic user's manual text and all of the simulation input
and output. Volume I is divided into three parts. Part 1 contains
the engineering and programining discussion, Part 2 provides the
program operating instructions an? Part 3 describes the prograim out-
put and includes all of the appendices for Volume I. Voluine I' contains
a compilation of statistical data on previous aircraft, missiles and
space systems to serve as background informaton and prograra inputs
to the weight/volume portion of the program,
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SUMMARY

The $pace Shuttle Synthesis Program {SESP) automates the trajectory, weights and
performance computations escential to predesign of the Space Shuttle system fo:
carth=to-orbit operations. The two-stage Space Shuttle system is a completely
reusable space transportation system consisting of a booster and an orbiter element
The SSSP's major parts are a detailed weight/volume routine, a precision three-
dimensional trajectory simulation, and the iteration and synthesis logic necessary
to satisly the hardware and trajectory constraints,

The SSSP is a highly useful tool in conceptual design studies where the
effects of various trajectory configuration and shuttle subsystem parameters must
he evaluated relatively rapidly and cconomically. The program furnishes sensitivity
and tradeoff data for proper selection of configuration and trajectory predesign

)

parameters. Emphasis is placed upon predesign simplicity ar< minimum input
preparation.  Characteristic equations for describing aerodynamic and propulsion
mndels and for computing weights and volumes are kept relatively simple. The
synthesis program is designed for a relatively large number of two-stage Space

~huttle configurations and mission types, but avoids the complexity of a complctely

keneralized computer program that would be unwieldy to use and/or modify.

ii
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INTRODUCTION

This document contains the resuits of the technical effort expended during a study to
provide a weight/volume handbooi: required by Contract NAS-9-11193 "Spuce Shuttle
Synthesis Program'. Because of the wide range of design parameters, and the many
possible design solutions in any area of vehicle design, the program equations of necex
sity arc required to be in general terms., Although the equations are in gencral terms.

the inputs are often the results of quite extensive study of a specific design applicatiorn.

This volume also attempts to ensure that an input or a procedure for obtaining an inpr:t
Is available for every equation containec within the weight and sizing subroutines.
Thes. inputs are not intended to be absolute but a guide ‘o the magnitude of the input tc
ensure answers of the right magnitude for the item being considered. The ideal input
will always he cbtained when a study of the specific design conditions for the item being

considered is made, and the results of this study put in terms of the program ¢quation

input. The program contains equations for separate items or systems and it is the r¢gpoer s-

ibility of the user to select those items whick: comprise his specific design application.

Section [ of this volume contains the description and input data for the weight equations,
Section II contains the description and input data for the geometry equations. Section II

contains the description cf terms used in the w-2ight/volume subroutine,



SECTION I
DESCRIPTION AND INPUT
FOR
WEICHT EQUATIONS
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1.0 AERODYNAMIC SURFACES
1.1 AERODYNAMIC SURFACES — SPACE SHUTTLE

1.1.1 WING ~- The wing weight equation, as defined within this study, is based on
the theoretical avea and calculates an installed structural wing weight that includes
control surfaces and carry-through, where applicable. The weight is calculated as a

function of load and geometry,

The welght equition 1n the program for total structural wing weight is:

WWING = ((1) * [(wwm'ru;) * LF * CEPAN + SWING)/TROOT » 169J

** 2y » C{2) * SWING + C(3)

WWING Total Structural Wing Weight, 1bs

WWAIT(6) = Vehicle Entry Weight, ibs

LF - Ultimate Load Factor

CSPAN = Structura! Span (along ,5 chord), ft

SWING © Gross Wing Area, ft2

TROOT = Theoretical Root Thickness, ft

C(1) = Wing Weight Coefficient (intercept)

C(12) = Wing Weight Coefficient (slope)

C(2) = Wing Weight Coefficient f(gross wing area), lbs/ft2
C(3) = Fixed Wing Weight, ibs

The wing weight coefficients C(1) aad C{12) represent the intercept and slope, respectively,
of the logarithmic data shown in Figure 1.i-1. The data used to derive the empiricu
equation and the coefficients C(1) and C(12) is based on actua! wing weights of many types
of aircraft, However, the airplane v ings used in this analysis are representative c.

straight, swept and delta wing designs,

i o anfiisnrd iy St s LI SR i TR T ot D
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For variable sweep wing designs the various wing input terms should be based on the
fuily swept position. The C(1) coefficient should then be increased by 15-20% to account
for the structural penalty for sweeping the wing forward.

The ocoefficient C(2) is multiplied by the gross wing area so the user has an option

of adding or removing a wing weight penalty on the basic wing calculation, An ex-
ample would be to add a fixed welght per square foot for thermal protection system
&tructure or high teinperature resistant coatings, This coefficient is initialized at

zero, 80 the option 18 not exercised unlecs C(2) has an input value other than zero,

The coefficient C(3) 15 to input a fixed weight to the wing calculation. This input
Mav be positive or negative, An example of C(3) usage would Le to Input a fixed
wing weight when wing scaling is not desired, When C(3) Ir used for this purpose
the ooefficlent C(1) must be set to zero. The coefficient C(3) Is initialized at zero
and will not be used unless a value (+ or -)is input,

JE e U ——
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1.1.2 VERTICAL FIN — Tte vertical fin weight includes the weight of the control
surface. The weight may be scaled as a logarithme’ > function of fin planform area, as
a constant function of fin planform area, o1 :nput as a non-scaling fixed weight. The
equation for vertical fin weight is:

WVEET = C(4) * SVERT ** C(135) + C(2.) * SVERT + C(5)
WVERT = Total Vertical Fin Welght, lba
SVERT = Vertical Fin Planform Area, Ft2

C) & Vertical Fin Weight Coefticient (Inte rcept)

C(135) = Vertical Fin Weight Coefficient (Slope)
C(24) = Vertical Fin Weight Coefficient f(Fin Area), Ibs/ft2
C(5) = Fixed Vertical Fin Weight, lbs

The vertical fin coefficients C(4) and C(135) represent the intercept and alope, respectively,
of the logarithmic data shown in Figures 1.1-2 and 1. 1-3 the data in Figure 1.1-2 is
representative of vertical fins for straight and swept wing aircraft. The data in Figure 1.1-3
is representative of vertical fins for delta wing aircraft. The vertical fin data for delta

wing aircraft was separated from the straight and swept wing data in order to correlate the
input data closer with the existing aircraft data used for substantiation. The user should
also use caution when inputting the C(4) and C(135) coefficients in the respect that a straight
or swept wing design with a short tail arm may have a vertical fin that sizes like a delta.

The coefficient C(24) may be used to add or remove fin weight penalty on the basic cal-
culation. An example would be to add a fixed welght per square foot for thermal protection
system structure or high temperature resistant coatings. This coefficient may also be used
to scale the fin as a function of unit welght. If 2(24) is used for this purpose the coefficient
C(4) must be set to zero. The coefficient C(24) is initialized at zero, so this option is not
exercised unless a value (+ or -) is input.

L h el imind @ m e o A -
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The coefficient C(5) is a fixed input weight to the vertical fin calculation. This input
may be positive or negative. The coefficient C(5) may also be used to input a fixed
vertical fin weight when scaling is not desired. When C(5) is used for this purpose the
coefficients C(4) and C(24) must be set to zero. The coefficient C(5) is initlalized at
zero and will not be used unless a value (+ or -) is input,
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1.1.3 HORIZONTAL STABILIZER — The horizontal stabilizer weight includes the
weight of the control surface. The weight may be scaled as a combired function of
wing loading, stabilizer planform area and dynamic pressure; it may be scaled as a
constant function of stabilizer planform area; or input as a non-scaling fixed weight,

The equation for horizontal stabilizer weight is:

WHORZ  C(6) * (WOVERS ** 1.21 * SHORZ ** 0,814 * Q ** 0,467) ** C(17v)

- C(25) * SHORZ +~ C(7)

WHORZ - Total Horizontal Stabilizer Weight, lbs

WOVERS = Wing Loading, lbs/ft2

SHORZ = Horizontal Stabilizer Planform Area, ft2

Q = Maximum Dynamic Pressure, lbs/ft2

C(6; - Horizontal Stabilizer Weight Coefficient {Intercept)

C(176) = Horizontal Stabilizer Weight Coefficient (Slope)

C(25) = Horizontal Stabilizer Weight Coefficient f(Stabilizer area), lbs/ft2
Cc(n = Fixed Horizontal Stabilizer Weight, lbs

The horizontal stabilizer coefficients C(6) ard C{176) represent the intercept and slope,

respectively, of the logarithmic data shown in Figure 1.1-3. The horizontal stabilizer
weight is directly proportional to A . Therefore, the input value for the coefficient
C(176) will be 1,0 unless the user desires to change the line slope,

The coefficient C(25) may be used to add or remove stabilizer weight penalty on the basic
calculation, An example would be to add a fixed weight per square foot for thermal pro-
tection system structure or high temperature resistant coatings. This coeffid ent may
also be used to scale the stabilizer as a function of unit welght, If C(25) is used for this
at

purpose the coefficient C(6) must be set to zero. The coefficient C(25) is initialized

zero, so this option is not exercised unless a value (+ or -) is input,

10
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The coeffictent C(7) is a fixed input weight to the horizontal stabilizer calculation. This
input may be positive or negative. The coefficient C(7) may also be used to input a fixed
horizontal stabilizer weight when scaling is not desired. When C(7) i8 used for this
purpose the coefficients C(6) and C(25) must be set to zero. The coefficient C(7) is
initialized at zero and will not be used unless a value (+ or -) is input,
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1.1.4 FAIRINGS, SHROUDS AND ASSOCIATED STRUCTURE - The type of acro-
dynamic structures included in this section are aerodynamic shrouds, equipment,
dorsal, landing gear and canopy fairings. The canopy fairing is the structure aft of the
canopy that is required to fair the canopy to the body. The weight of the canopy proper
is included in Section 2.2, Wing to body fairings are included in the wing weights,
Horizontal or vertical surface to body fairings are included in cither the horizonta; or

vertical surface weight.

Fairing and shroud welght may be determined from their surface area and the operating

environment and is given iL the program as:

WFAIR = C(8) * SFAIR + C(g)

WFAIR = Total Weight of Fairings or Shrouds, lbs

SFAIR = Total Fairing or Shroud Surface Area, ft2
C(8) = Unit Weight of Fairing or Shroud, Ib/ft2
C(9) = Fixed Weight of Fairing or Shroud, Ibs

As most of the fairings are design and mission dependent and only one input coefficient
C(8) 18 used to cover many types of fairings, some judément is required to determine the
value of this coefficient.

If the design loads and the fairing geometry is known, the weight in lbs/ftz; f.e., the
coefficlent C(8) can obviously be best found by calculation, In most cases, however,
empirical or statistical data has to be used. The coefficient C(8) can be found by multiplying
the empirical unit weight WF by a factor ‘o account for dynamic pressures different than
that used to determine the empirical weight and then multiplying by a factor to account for
temperature differences. Then C(8) can be determined by:

C(8) =WF . KQ - KT

13
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The factor KQ Is shown plotted against dynamic pressure in Figure 1.1-5. This factor
2

is 1.0 at a dynamic pressure of 400 lbs/ft . The factor KT is shown plotted versus

temperature in Figure 1.1- 6 The facior is 1.0 at a tomperature of 400°F.

The unit weight of typical fairings WF is shown in Table 1.1.1. These unit weights have
been normalized to a § of 400 lbs/ft2 and 400°F. -In addition, this table shows a
recornmended C(8) input for different types of fairings at 2 Q of 1000 lbs/ft2 and a tem-
perature of BOOOF.

The coefficient C(9) is used fcr those portions of the fairings that have weight not
dependent on fairing sizing or it may be used either as a contingency or for a iixed input
weight for the falrings.

Table 1.1.1. Typical Fairing Weights.

-

T
Fairing Type WF at Q = 400 lbs/tt2 C(8) at Q = 1000 lbs/ft2 |
and T = 400°F and T = 800°F
Aerodynamic Shroud 4,80 6.6
Canopy Fairing 4.00 5.5
Equipment Fairing 1.50 2.06
Dorsal Fairing 2.00 2.75
Cable Fairing 1.60 2,06
Landing Gear Fairing 2,00 2.75

The total weight of the aerodynamic surface group is summed by the equation:

WSURF = WWING + WYERT + WHORZ + WFAIR

14
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2.0 BODY STRUCTURE
2.1 BODY STRUCTURE - SPACE SHUTTLE

2.1.1 INTEGRAL FUEL TANKS — The integral fuel tanks are sized as a function of
total tank volume, including ullage and residual volume. The input coefficients are based
on historical data from Atlas, Centaur and Saturn vehicles, The equation for integrai
fuel lank weight is:

WINFUT = C(10) * VFUTK + C(11)

WINFUT = Weiglt of Iategral Fuel Tank, 1lbs

VFUTK = Total Volurie of Fuel Tank, ft3

C(10) = Integral Fuel Tank Weight Coefficient, Ibs/ft3
C(1y = Fixed Integral Fuel Tank Weight, lbs

Input data is provided for LH2 and RP-1 fuel tanks. The equation for integral fuel tank
weight is the same for both types of fuel. The difference in weight is accounted for by

the input coefficients C(10) and C(11). The coeffictent C(10) represents that portion of

the tank weight that 18 scaled with 8ize and C(11) is a fixed tenk welght input, The input
value for C(10) with LH, fuel is obtained from Figure 2,1-1, The input value for C(10)

with RP-1 fuel is ohtained from Figure 2,1-2, The value of C(10) shown on Figures 2. 1-1
and 2.1-2 does not include weight penalties for special bulkheads (wing, landing gear, etc.).
If this weight penalty is required, the user may modify the C(10) coefficient to acoount for
it or he may incorporate it into the fixed weight coefficient C(11).

The broken line on Figures 2.1-1 and 2.1-2 ia representative of Saturn technology. The
solid llnes, from which the C(10) input values are obtained, are representative of current
Space Shuttle design criteria, The primary differences in the slope of the lines are due to
(1) the current fracture meochanics utilized in designing Space Shuttle vehicles for multiple
landing capability; and (2) increasod bending moments during up-flight maneuvers resulting
frcm a piggy-back orbiter /booster arrangemont,

17
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The coefficient C(11) is the fixed weight input to the fuel tank calculation, This
coefficient may be positive or negative. An example of a C(11) input would be to

add a fixed weight penalty to the fuel tank calculation for special bulkheads (wing,
landing gear, etc.). The coefficient C(11) may also be used to input a fixed integral
fuel tank weight when scaling i8 not desired. When C(11) is used for this purpose the
coefficient C(10) must be set to zero. The coefficient C(11) is initialized at zero and
will p»t be used unless a value (+ or -) is input.

20
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2.1.2 INTEGRAL OXIDIZER TANKS — The Integral oxidizer tanks are sized as
a function of total tank volume, including ullage and residual volume. The input
coafficients are based on historical data from the Atlas and Saturm vehicles. The
equation for integral oxidizer tank weight is:

WINOXT = C(138) * VOXTK + C(139)

WINOXT = Weight of Integral Oxidizer Tank, lbs

VOXTK = Total Volume of Oxidizer Tank, ft3

C(138) = Integral Oxidizer Tank Weight Coefficient, lbs/ft3
C(139) = Fixed Integral Oxidizer Tank Weight, lbs

The coefficient C(138) represents that portion of the tank that is scaled with size and C(139)
is a fixed tank weight input. The input value for the coefficient C(138) is obtained from
Figure 2,1-3,

The broken line on Figure 2.1-3 is representative of Saturn technology, The solid line,
from which the C(138) input value is obtained, is representative of current Space Shuttle
design criierla, The slope of the solid line is less since the LO, tank does not have to
absorb the high axial loads due to in-line upper stages, the axial thrust during up-flight
is limited to 3g and the tank ig designed for a lower flight pressure. The Space Shuttle is
designed for recoverability and a piggy-back second stage arrangement. However, the
major portion of these load penalties are absorbed in the fuel tank weight,

The coefficient C(139) is a fixed input weight to the integral oxidizer tank calculation, This
input may be positive or negative, The coefficient C(139) may also be used to input a fixed
integral oxidizer tank weight when scaling is not desired. When C(139) is used for this
purpose the coefficient C(138) must be set to zero. The coefficient C(139) is initialized at
zero and will not be used unless a value (+ or ~) is input,
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2.1.3 BASIC BODY STRUCTURE — The basic body weight includes the structure
forward, aft and in-between the integral tanks on and integral tank design and it includes
the basic shell weight on a non-structural tank design. The basic body weight does not
include the secondary structure (access doors, non-structural fairings, tunnels, etc.)

or the thrust structure weight.

Based on the data shown in Table 2.1.1, the basic body weight may vary from 2,23 to
5.45 1b3/ft2 with the nominal being about 4.0 lbs/tt2. However, the basic body weight
equation {8 a function of total body wetted area which includes the integral tank cylinder
areas, Therefore, on an integral tank design, the unit weight must be adjustec Dy a
wetted area ratio. The calculation of C(13) is:

c13) - 4.0+ <Total Body Wetted Area - Integral Tank Cylinder Arca>

Total Body Wetted Area

If the vehicle does not have integral tanks the ratio will be 1.0 and C(13) = 4.0. The user
also has the option of inputting a value of C(13) from the data in Table 2.1.1 that hest

fits a specific design condition,

The equation for basic body structure weight is:

WBASIC = C{(13) * SBODY + C(14) * VBODY + C(15)
WBASIC = Total Weight of Basic Body, 1bs
SBODY = Total Body Wetted Area, ft
VBODY - Total Body Volume, ft°
C(13) = Basic Budy Weight Coefficient f(Area), lbs/ft2
C(14) - Basic Body Weight Coefficient f(Volume), 1bs/ft>
C(15) = Fixed Basic Body Weight, lbs

23
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Thble 2.1.1. Body Unit Weight Data.

VEHICLE BODY UNIT WEIGHT - LBS/FT*
G-159 3.06
140 2.23
C-1184 2.38
C-1304 3.78
880 3.78
CLA4-D4 5.41
990 4.25
C-135A 4.68
C-133A 4.89
C-141A 5.39
B-66A 4.05
B-58A 3.77
B-47B 1.91
B-36H 3.39
B-52B 5.14
S-IC({ Fwd. of Tanks) 4,89
S-IC (Inter Tanks) 3.77
S-IC/S-II (Interstage) 5.45
S-II (Fwd. of Tanks) 3.16
S-I1/S-IVB (Interstage) 3.32
Centaur (Interstage) 2,54
C-5A 4.94
DC-10 4,02

24
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The basic body weight equation is programmed to accept a coefficient input as a functon
of wetted area or volume. The ooefficient C(13) is a function of aea and is derived as
previously described or tnput from Table 2.1.1. The coefficient C(14) is a function of

velume. This portion of the equation {8 included for future expansion only and tnput data
has not been derived for this repcrt.

The ooefficient C(15) is a fixed input weight to the basic body weight calculation. The input
may be positive or negative. An example would be to add a fixed welght to body structure

23

for special bulkheads (wing, landing gear, fin, stabilizer, etc.). The ooefficient C(15)
may also be used to input a fixed basic body weight when scaling i aot desired. When
C(15) 18 used for this purpose the coafficients C(13) and C(14) must be set to zero. The
coefficients C(14) and C(15) are initialized at zero and will not be used unless a value
(+ or -) 18 input,
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2.1.4 SECONDARY STRUCTURE — The secondary structure includes access
deors, non~structural fairings, cockpit-to-payload bay tunnel, etc. The secondary
structure is minimal for the Space Shuttle design since most of the major penalties
are incorporated into the integral tank and basic body weights. The equation for

secondary structure weight is:

WSECST = C(23) * SBODY + C(169)
WSECST = Total Weight of Body Secondary Structure, 1lbs
SBODY = Total Body Wetted Ares, ft2

o
C(23) = Secondary Structure Weight Coefficient, lbsg/ft”
C(169) = Fixed Secondary Structure Weight, lbs

The weight coefficient C(23) is used to scale the secondary structure weight as a function
of body wetted area, When possible the coefficient should be derived from design data.
However, during the early phase of a study this is not always practical. A first cut value
of 0.10 to 0.20 may be used for C(23) until design data is available,

The coefficient C(159) is a ilxed input weight to the secondary structure calculation. This
input may be positive or negative. An example of this coefficient would be to input a fixed
weight for the cockpit-to-payload bay tunnel, crew catwalks and ladder or any secondary
item that does not scale with size. The coefficient C(169) may also be used to input a fixcd
secondary structure weight when scaling 18 not desired. When C(169) is used for this
purpose the coefficient C(23) must be set to zerv. The coefficient C(169) is initialized at
zero and will not be used unless a value (*or -) is input,
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2.1.5 THRUST STRUCTURE — The weight of the main engine thrust structure is a
function of total thrust and includes the attachment structure and thrust beams but does not

include the aft skirt, The equation for total stage vacuum thrust is:

TTOT = CTHRST * WWAIT{2) + C(129) * NENGS
TTOT = Total Stage Vacuum Thrust, lbs
CTHRST = Vacunm Thrust to Take-Off Weight Ratio
WWAIT(2) = Take-off Weight, Ibs

NENGS = Total Number of Engines Per Stage
C(129) = Fixed Main Thrust Per Engine

The method used and the inputs required to calculate the total stage vacuum thrust
(TTOT) depends on the program option being used for any given configuration., These
options and the input requirements (CTHRST o»r C(129) are discussed in the basic

synthesis options, Section 2.3.2, Volume 1 of the user's manual,

The equation for thrust structure weight is:

WTHRST = C(168) * TTOT + C(163)

WTHRST = Total Weight of Thrunr S.ructure, lbs
TTCT = Total Stage Vacum Thrust, lbs
C(168) = Thruat Structure welght Coefficient
C(163) = Fixed Thrust Structure Weight, lbs

The weight coeffi~’ =nt C(168) is used to scale the thrust structure as a function of total
stage thrust. When specific design data is not available, a typical preliminary design
value of C(168) = 0. 004 will provide a realistic thrust structure weight, The data shown
in Table 2.1.2 reflects the Saturn vehicle thrust structure data as well ag the ratio of
thrust structure weight to total thrust. The weight of the calculated thrusc structure and
the data shown in Table 2,1, 2 does not include weight for the afi skirt, The aft skirt
weight is included is basic body.
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The coefficient C(163) is a fixex input weight to the thrust structure calculation. This input

may be positive or negative. The coefficieri C(163) may also be used to input a fixed

thrust structure weight when scaling i8 not desired. When C(163) is used for this purpose,

the coefficient C(168) must be set to zero. The coefficient C(163) is initialized at zero

and will not be used unless a value (+ or -) is input.

Table 2.1,2,

Thrust Structure Data.

Thrust
Total Struc. Wt,
Vehicle Diameter No.of Engines Thrust Structure Wt, | Thrust Total Thrust
S-1 21.65 8 11, 100 1,504,000 | 0.00738
S-1B 21.65 8 9,780 1,504,000 | 0.00650
S-IC 33.0 5 28,477 . 7,500,000 0.00380
S-3g 33.0 5 7,302 1,000,000 0,.00730
S5-1v 18.0 6 400 90, 000 0.00444
3-1VB 21.65 1 508 200,000 0.00254

The total weight of body group is summed by the equalion:

WBODY

=  WINFUT + WINOXT + WBASIC + WSECST + WTHRST

D i P TIPIN
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3.0 INDUCED ENVIRONMENT PROTECTION

3.1 INDUCED ENVIRONMENT PROTECTION -~ The equation inputs for g specific
design concept are "wrmelly obtained by a thermal analysis involving all of the pertinent
parameters with the results of the analysis being in terms of the required program input.
This method should be used when specifi- design conditions are known, as it yields the
most accurate results accounting for all the features of a particular design that are
impossible with a generaiized case. However, when detailad knowledge of a desiga is not

available, generalized data is given based upon the results of prior design studies.

The data presented is of necessity simplified for use in a generalized weight/sizing pro-
gram. The results are no* intended to replace a thermal analysis which must take into
acocount many rore variables than can be accounted for in a program of this nature. The
results obtained for this area of design 18 dependent upon judgment used in making the
input which requires a knowledge of vehicle surface temperature, type of support struc-
ture and type of panel construction,

A radiative protection system to hold structural temperatures within acceptable limits

is the type of vehicle thermal protection system considered for this study. This system
utilizes radiative cover panels with or without Insulation. If insulation ig used it assumes
that the structural temperature is held to approximately 200°F. The insulation must then

be protected from the flight conditions by radiative cover panels. The equation for the
insulation weight is:

WINSUL = C(180; * STPS (1) + C(26)
WINSUL = Total Weight of TPS Insulation, lbs
2
STPS(1) = Total TPS Surface Area, ft
2
C(180) = Insulation Unit Weight, 1bs/ft
C(26) = Fixed Insulation Weight, lbs

29
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The coefficient C(180) is an insulation unit weight that may be obtained as a function of
surface temperature from Figure 3.1-1. The user must estimate the surface tem-
perature that will be encountered on the initial case in order to input the coefficia t
C(180) and then adjust the input on following runs if the initial estimate is too far off.

The data shown in Figure 3.1-1 is based on microquartz insulation for a 1/2 hour time

2
duration. The three curves represent allowable heating rates of 100, 400 and 700 Btu/ft~
with the structural temperature being held to approximately 200°F.

The user may select different combinations of area to be covered by insulation depending
on what ITPS flag value is set. The ITPS flag value and area is shown in Table 14.1.2,
Section 14.1,3 of this report. However, if an area is selected the program utilizes that
total area. If, for example, the ITPS flag is set at 2 the area used for insulation weight
will be total body wetted area. If only a percentage of the body is actually covered by
insulation, the input coefficient C(180) must be modified by that percentage value to

acoount for the weight.

The coefflcient C(26) is a fixed input weight to the insulation calculation, This input may
be positive or negative. A typical example on the use of this coefficient would be to add
a fixed insulation weight for localized hot spots. The coefficient C(26) may also be used
to input a fixed insulation weight when scaling is not desired. When C(26) is used for
this purpose the coefficient C(180) must be set to zerv. The coefficients C(180) and C(26)
are both initialized at zero and will not be used unless a value (+or ~) i8 input.

The orbiter vehicle will normally roquire insulation and the booster vehicle will not, When
the design concept utilizes insulation panels to hold the structural temperature within
acceptable limits, the insulation must be protected from flight conditions. Thig protection
is provided by cover panels. The equation for the cover panel weight is:

WCOVER = C(181) * STPS (1) + C(27)

30
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WCOVER = Total Weight of TPS Cover Panels, lbs
STPS(1) = Total TPS Surface Area, ft2

C(181) = Cover Panel Unit Weight, Ibs/ft2

C27n = Fixed Cover Panel Welght, lbs

The cover panels that have been used in recent studies have varied greatly in design
features and rmuaterials. The generalized equation used in this program must be input

from point design data if a specific design is to be properly represented. Unfortunately,

a detall design is not always available during the early phases of a study. Therefore, a
range of input values are included to provide the user with a weight that will be representa-

tive of the cover panel designs used in recent studies.

The orbiter will vary from C(181) =0.9 to 1.8. This assumes the orbiter has insulation
in conjunction with the cover panel weight., The lower value is representative of a low
cross range orbiter with efficient attachment capability and the higher value is a high
cross range orbiter requiring deep frames or standoff's for attachment. The values are
average unit weights to be used with the total area. These inputs also assume the aero-
dynamic surfaces have the same average unit weight for TPS as the body when the suiface
requires protection.

The booster will vary from C(181) = 1.5 to 2.25. This assumes the booster does not

have insulation panels. The primary factor contributing to the input coefficient differences
is the type of support structure required. The values shown are average unit weights to
be used with the total area.

The coefficient C(27) is a fixed input weight to the cover panel calculation. This input may
be positive or negative. This coefficient may also be used to input a fixed cover panel
welght when scaling is not desired. When C(27) is used for this purpose the coefficient
C(181) must be set to zero. Both coefficients are initialized at zero and will not be used

, unless a value (+ or -) is input,

: The total welght of induced environment protection is sumrued by the equation:

WTPS = WINSUL + WCOVER
32
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4.0 LAUNCH AND RECOVERY
4.1 LAUNCH AND RECOVERY - SPACE SHUTTLE

4.1.1 LAUNCH GEAR — The launch gear equation is used for the support structure
and devices associated with supporting the vehicle during the launch sequence, This
includes struts, pads, sequencing devices, controls, etc. The equation for launch gear is:

WLANCH C(143) * WTO + C(144)

WLANCH Total Weight of Launch Gear, lbs
WTO = Take-off Weight, 1bs

C(143) Launch Gear Welght Coefficient
C(144) Fixed Launch Gear Weight, lbs

1)

]

The input coefficient C(143) is a proportion of the computed take-off weight. A typical
value, for preliminary design purposes, would be C(143) = 0. 0001.

The coefficient C(144) is a fixed input weight to the launch gear calculation. This input

may be positive or negative. This coefficient may also be used to Input a fixed launch

gear weight when scaling 18 not desired. When C(144) is used for this purpose the coefficient
C(143) must be set to zero. The coefficlent C(144) is initialized at zero and will not be

used unless a value (+ or -) is input,

4.1.2 LANDING GEAR — The landing gear equation has been developed from data
correlation of existing aircraft. This data included the nose gear, main gear and controls,
The equation for calculating landing gear (including controls) is:

WLG = C(30) * WWAIT (7) ** C(182) + C(31)

wLG = Total Weight of Landing Gear and Controls, 1bs
WWAIT(7) = Maximum Landing Weignt, lbs

C(30) = Landing Gear Weight Coefiicient {Intercept)
C(142) = Landing Gear Weight Coefficient (Slope)

C(3)) = Fixed Landing Gear Weight, lbs
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The landing gear weight coefficients C(30) and C(182) represent the intercept and slope,
respectively, of the logarithmic data shown in Figure 4.1-1. The data used in deriving
the C(30) and C(182) coefficients in Figure 4.1-1 !s based on conventional aircraft. If
landing gear weight reduction methods are used on a Space Shuttle design due to the
reduced number of landing (berylium brakes, thinner brake shoes, reduced tire treads,
etc.) then the C(30) input coefficient should be modified in accordance with that philosophy.

vhe coefficient C(31} is a fixed lnput weight to the landing gear calculation, This input
may be positive or negative. This coefficient raay also be used to input a fixed landing
gear welght when scaling is not desired. When C(31) is used for this purpose, the coef-
ficients C(30) and C(142) must be set to zero. The coefficient C(31) is initialized at zero
and will ort be used unless a value (+ or -) is input,

4.1.2 DEPLOYABLE AERODYNAMIC DEVICES — Tae deployable aerodynamic devices
include such items as drag chutes, etc., that may be used for assistance at entry or
landing, The equation for deployable aerodynamic device system weight is:

WDPLOY = C(145) * WWAIT(7) + ('(146)

WDPLOY = Weight of Deployable Aerodynamic Devices, lbs
WWAIT() = Landing Weight, lbs

C(145) » = Deployable Aerodynamic Devices Weight Coefficient
C(146) = Fixed Deployable Aerodynamic Devices Weight, lbs

The coefficient C(145) is used to scale the deployable aerodynamic devices system weight
as a fuaction of landing weight. If parachutes are used a typical input value for this type
vehicle is C(145) = 0.002 per parachute.

34
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The coefficient C(146) is a fixed inzut weight to the deployable aerodynamic device
system calculation. This input may be positive or negative. This coefficient may

also be used to input a fixed deployable aerodynamic device system weight when

scaling i8 not desired. When C(146) is used for this purpose the coefficient C(145) must
be set to zero. The coefficients C(145) and C(146) are both initialized at zero and will
not be used unless a value (+ or -) is input.

4.1.4 DOCKING STRUCTURE — The docking structure is weight penalty associated with
the orbiter stage for orbital docking requirements. The equation for docking structure is:

WDOCK = C(147) * WWAIT(5) + C(148)
WDOCK = Weight of Docking Structure, lbs
WWAIT(5) = Initlal Entry Weight, lbs

C(147 = Docking Structure Weight Coefficient
C(148) = Fixed Docking Structure Weight, lbs

The coefficient C(147) is used to scale the docking structure welght as a function of initial
entry weight. A typical C(147) input will vary from 0.0015 to 0. 0025 depending on the
specific design requirements.

The coefficient C(148) 1s a fixed input welght to the docking structure calculation. This
input may be positive or negative. This coefficient may also be used to input a fixed
docking structure weight when scaling is not desired. When C(148) is used for this purpose
the coefficient C(148) must be set to zero. Tke coefficlents C(147) and C(148) are both
initialized at zero and will not be used unless a value (+ or -) is input,

The total weight of the launch and recovery system is summed by the equation:

WLRD = WLANCH + WLG + WDPLOY + WDOCK

e e e e
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.0 MAIN PROPULSION

9.1 MAIN PROPULSION - SPACE SHUTTLE
5.1.1 ENGINES — The engines considered in this study are the main engines used to
propel the vehicle during the main flight phases, the secondary engines used for orbit

maneuvering and de-orbit maneuvers and the flyback engines used for flyback and landing,

The miain rocket engines may be scaled as a function of total stage thrust, as a combination
of total stage thrust and area ratio or input as a fixed weight per engine. Data is provided

for either LOZ/LH2 or LOZ/RP-I engines. The equation for rocket ergine weight is:

WENGS = C(32) * TTOT + C(219) * TTOT * C(220) ** c(221)
+ C(33) * NENGS + WENGMT

WENGS = Total Weight of Rocket Engine Installation, lbs

TTOT = Total Stage Vacuum Thrust, 1bs

NENGS = Total Number of Engines per Stag.

WENGMT = Weight of Engine Attachment Hardware, lbs

C(32) = Rocket Engine Weight Coefficient f(Thrust)

C(219) = Rocket Engine Weight Coefficient f(Thrust and Area Ratio)

C(220) = Rocket Engine Area Ratio

C(221) = Rocket Engine Area Ratio Exponent

C(33) = Fixed Rocket Engine Weight, lbs

The Space Shuttle L02/LH2 engines are advanced technology stage combustion engines

that are still fn a development phase. Various engine manufacturers have predicted a

wide range of weight for these engines. Whenever possible, the user should utilize current
design engine data from the engine manufacturers design studies, However if specific
engine design data is not available, or if the user desires to rubberize the engines for
scaling purposes, the following input data will scale the L02/LH2 engines within an

accoptable weight range.
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The first part of the equation scales the basic engine as a function of thrust. A typical
input value for this portion of engine weight is C(32) = 0.00766. The second part of the
equation adds a penalty weight to the basic engine to account for differcrnces in area ratio.
Typical input values for this portion of the equation are C(219) =0.00033, C(220) =
desired area ratio and C{221) =9.5. The third part of the equation is for the fixed welght
portion of the engine. A typical input value is C(33) = 700. The term WENGMT is the
weight of engine atlachment hardware. This calculation is done by a separate aqua:ion
and is discussed in Section 5.1, 2.

A graphical representation is shown in Figure 5.1-1 of engine weight versus vacuum thrust
for different area ratios. These curves were developed using the typical input values for
C(32). C(219), C(221) and C(33). The coefficient C(220) varies from 35 to 150, The data
presented in Figure 5.1-1 is weight and thrust per engine and does not include allowances
for cogine to thrust structure attachment hardwere or gimbal system weight., The gimbal
system weight equatior is presented in Section 6.1.1.

When LOZ/RP-I engines are used for main thrust, the coefficients C(219), C(220) and C(221)
should be set to zero so the engines may be sized as a function of total stage thrust or
input as a fixed weight. The data shown in Figure 5.1-2 is representative of various pro-
duction type LOZ/RP-I type engines. A typical input value for C(32) = 0.0106. The input
coefficient C(32), for LOZ/ItP-l engines, represents tie nominal engine weight-to-thrust
ratio. The data in Figure 5,1-2 is based on single engine thrust levels and does not
include allowances for engine to thrust structure attachment hardware or gimbal systein
weight. The gimbal system weight equation is presented in Section 6.1.1.

Tha coefficient C(33) is used to input the fixed engine weight that does not scale with size.
This coefficient may also be used to input a fixed rocket engine weight when scaling is not
desired. When C(33) is used for this Furpose it must be input as a weight per engine value
and the coefficients C(32), C(219) and C(220) must all be set to zero, The ceefficient C(221)
mAy remain at 0.5 or set to any value greater than zero. All t“: coefficients (C(32), C(39),
C(219), C(220) and C(221)) are initialized at zero and will not be used unless a value (+or -)

in input,
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The secondary rocket engines have been associated with orbital transfer, retro thrust,
major maneuvers and de-orbit maneuvers. The secondary rocket engines may be

scalcd as a function of secondary engine thrust or input as a fixed weight., The equation

for secondary rocket thrust is:

TTOT?2 = WWAIT(5) * CTHST2 + C(158)

TTOT2 = Total Secondary Engine Vacuum Thrust, lbs
WWAIT(§ = Initial FEntry Weight, lbs

CTHST2 = Secondary Propulsion T/W Ratio

C(158) = Fixed Secondary Thrust, 1lbs

The secondary engine thrust may be computed as a function of the initial entry weight by
inputting the desired thrust-to-weight ratio (CTHST2) or it may be input as a fixed thrust
by inputting C(158), If CTHST? is input as a value then the coefficient C(158) should be
input a8 zerv and vice versa. Whichever term is used and the value of that term (CTHST2
or C(158)) is set by the uscr.

The equation for secondary rocket engine weight is:

WENGS2 = C(140) * TTOT2 + C(141)

WENGS2 = Total Weight of Secondary Rocket Engines, lbs
TTOT2 = Total Secondary Engine Vacuum Thrust, lbs
C(140) = Secondary Rocket Engine Weight Coefficient
C(141) = Fixed Secondary Rocket Engine Weight, lbs

The input coefficient C(140) scales the secondary rocket engine welght as a function of

total thrust. This input should be based upon the specific application being considered
using engine manufacturers datx if available. However, if data is not available, typical
values of the secondary rocket engine application are C(140) = 0.015 to 0.025. This

wowd be representative of a typical LOZ/LH2 rocket engine with a thrust range from 10, 000
to 40, 000 lhs,

The coefficient C(141) is a fixed input weight to the secondary rocket engine calculation,
This input may be positive or negative. This coefficient may also be used to input a fixed
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secondary rocket engine weight when scaling is not desired. During recent space shuttle
studi cs this option has been utilized totally since the selection of engines for this applica-
tion is 80 limited. Typical voiues for fixed secondary rocket engine weight are C(141)

= 300 to 400 lbs/engine. When C(141) is used to input fixed secondary rocket engine weight
the voefficient C(140) must be set to zero, The coefficients C(140) and C(141) are both
initialized at zero and will not be used unless a value (+ or -) is input,

The flyback engines are used for flyback and landing on the booster vehicle and they are
used for landing only on the orbiter stage. These are airbreathing engines that are
scaled as a function of initial flyback weight or input as 4 fixed weight, The equation for
flyback engine weight is:

WABPR = C(210) * WWAIT (6) + C(211)

WABPR = Weight of Airbreathing Engines for Flyback, lbs
WWAIT(6) = Vehicle Entry Weight (Initial flyback), lbs
C(210) = Airbreathing Engine Weight Coefficient

C(211) = Fixed Airbreathing Engine Weight, 1bs

The coetficient C(210) scales the airbreathing engine weight as a function of initial flyback
weight. The coefficient may be computed from the data shown in Table 5.1.1. The engine
thrust. level and number of engines are determined by the user. With this information he
may then select the best engine for a specific application from the data shown in Table
5.1.1. If scaling 1s desired the coefficient C(210) may be computed by dividing the total
engine weight by the estimated flyback weight. If scaling is not desired, the fixed engine
weight may be input as C(211) and C(210) set to zero. The coefficients C(210) and C(211)
are both initialized at zero and will not be used unless a value (+ or -) is input,
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5.1.2 ENGINE MOUNTS — The weight equation for main rocket engine attachments is:

WENGMT = C(183) * TTOT + C(184) ‘
WENGMT = Weight of Engine Mounts, lbs

TTOT = Total Stage Vacuum Thrust, lbs

C(183) = Engine Mount Weight Coefficient

C(184) = Fixed Engine Mount Weight, 1ba

i

The expression C(183) * TTOT is the weight of the hardware to attach the engines to the
thrust structure assembly. A typical value used in design studies is C(183) = 0.0001.

The coefficient C(184) is a fixed input weight to the engine mount calculation. This input
may be positive or negative. This input may also be used to input a fixed engine mount

weight when scaling is not desired. When C(184) 1s used for this purpose the coefficient
C(183) must be set to zer~, Both coefficients are initialized at zero and will not be used
unless a value (+ or ~) is input,




Table 5,1.1.

GDC-DBB70-002

Airbreathing Engine Data.

Dry
Engine (Manuf.) Type Thrust (SSL) Weight Remarks
CF6-50C (Gen. Elect.) 51,000 8225 Used on series 30 DC-10
CF6-€ (Gen. Elect.) 40,000 7450 Used on series 10 DC-10
High Bypass
RB211-22 (Rolls-Ruyce) Ratio 40,600 6353 Used on Lockheed L-1011
Turbofan
(RB211-56 (Rolls-Royce) Engines 52,500 7834 Advanced version of
RB211-22
K/ T9D-7 (Pratt-Whit,) 45,500 8370 Used on series 20 DC-10
and Boeing 707
Moderate
Bypass
F--101 Ratio Classified Class, USAF BI1A uses after
Turbofan burner version
Engine
Low Bypass
. Ratio :
JTF-22 Turbof Classified Class. USN F-14B and USAF
an F-15 uses a’ter burmer
Engine
version
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5.1.3 NON-STRUCTURAIL PROPELLANT TANK - The non-structural fuel and
oxidizer tanks are defined as tanks mounted within a load-carrying shell. The equation
for non-structural fuel tank weight is:

WFUTK - C(39) * VFUTK + C(40)
WFUTK = Weight of Non-Structural Fuel Tank, lbs

VFUTK = Total Volume of Fuel Tank, ft3

C(39) = Fuel Tank Weight Coefficient (Non-Structural), lbs/fta
C(40) = Fixed Fuel Tank Weight (Non-Structural), lbs

The input coefficient C(39) scales the non-structural fuel tank as a function of iotal fuel
tank volume. The lower curve, shown in Figure 5. 1-C, assumes a single cylindrical

fuel tank configuration. The coefficient C(39) _hculd be derived from specific design cal-
culations, whenever possible, in order to account for variations in tank shape and loads.,
However, when specific design data is not available, a typical input value is C(39) = 0.37.
If multiple tanks, double bubble tanks or high fineness ratio tanks are used the C(39)
value should be scaled up by a configuration factor of 1.1t0 1,4. The equation for non-
structural oxidizer tank weight is:

WOXTK C(41) * VOXTK + C(42)

WOXTK Weight of Non-Structural Oxidizer Tank, lbs

VOXTK = Total Volume of Oxidizer Tank, ft3

C(41) Oxidizer Tank Weight Coefficient (Non-Structural), lbs/ft3
C(42) Fixed Oxidizer Tank Weight (Non-Structural), 1bs
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The input coefficient C(4 1) scales the non-structural oxidizer tank as a function of total
oxidizer tank volume. The upper curve, shown in Figure 5, 1-3, assumes a single
cylindrical oxidizer tank configuration, The coefficient C(41) should be drived from
specific design calculations, whenever possible, in order to account for variations in
tank shape and loais, However, when specific design data is not available, a typical
tnput value is C(41) = 0.45. If multiple tanks, double bubble tanks or high fineness ratio
tanks are used the C(41) value should be scaled up by a configuration factor of 1.25 to

1.75.

The coefficients C(40) and C(42) are used to input fixed weights to the non-structural fuel
and oxidizer tank calculations, respectively. These inputs may be positive or negative,
These inputs may also be used to input a fixed weight for the non-integral tanks when
scaling is not desired. When the coefficients C(40)and C(42) are used for this purpose
we coefficlents C(39) and C(4 1) must be set to ze o. All four coefficients are initialized
at zero and will not be used unless a value (+or -) is input.
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5.1.4 SECONDARY TANKAGE AND SYSTEM — The secondary tankage and system
includes the tanks, lnsulation, pPressurization, ctc., of both fuel and oxidizer for orhit

maneuvering requirements. The equation for secondary fuel tank and syatem welight is:

WFUTK2 - C(170) * VFUTK2 + C(136)

WFUTK2 ' Total Welght of Secondary Fue!l Tank and System, lbs
VFUTK2 = Total Volume of Secoondary Fuel Tank, ﬂ"

. 4
Cc(170) - Scoondary Fuel System Weight Coeffictent, Ibn/f1
C(136) - Fixed Secondary Fuel Systenm Weight, by

The coeffictent C(170) scales the sccondary fuel tank and system as a function of sevomlary
fuel tank volume. Input data for (170) should be obtalned from design analysis. However,
for preliminary design, a tyvical value would be C(170) = 0.75. The lower curve in

Figure 5.1—4 shows the secondary fuel tanks g and system weight as a tunction of acconda ry
fuel tank volume using the typical C(170) iaput value.

The equation for secondary oxidizer tank and system welight ia;

WOXTK2

]

C(171) * VOXTK2 + C(137)

WOXTK2 = Total Weight of Secondary Oxtdizer Tank and System, Iba
VOXTK2 = Total Volume of Secondary Oxidizer Tank, lbas

C(171) Secondary Oxidizer Syatem Weight Coefficient, lb-/ﬂ3
C(137) Fixed Secondary Oxidizer System Weight, lbs

The coefficlent C(171) scales the secondary oxidizor tank and system as a function of
secondary oxidizer tank volume. Input data for C(171) should be obtained from design
analysis. However, for proliminaxy design, a typical value would be C(171) = 1.25, The
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upper curve in Figure 5, 1-4 shows the secondary oxidizer tankage and system weight
as a function of secondary oxidizer tank volume using the typical C(17 i} input value.

The coefficients C(136) and C(137) are fixed inputs to the secondary fuel and oxidizer
tani:age and system weights, respectively, These inputs may be positive or negative,
These inputs may also be used to lnput fixed secondary fuel and oxidizer tankage and
System weights when scaling is not desired. When C(136) or C(137) are used for this
purpcse the coefficients C(170) and C(171) should be set to zero, respectively, Al four

coefficients are initialized at zero and will not be used uniess a value (+or -) is input,
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5.1.5 PROPELLANT TANK INSULATION — This section presents the necessary
data to obtain a weight renalty associated with the protection required to prevent

excessive boiloff from the main propellant tanks,

The normal parameters that affect the boiloff insulation penalties include tank shape, tank
location, vehicle flight trajectory, general shape of the vehicle, tank material and con-
struction, insulation distribution around the ta) 1, rate and Sequence that tanks are emptied,
vent pressure, etc. The interaction of these parameters makes a thermal analysis a
comgplex task. The data in tlig section assumes that the insulation penalty is adequate to

cover any reasonable combination of these variables,

The basis for the data in this section is Refarence 5. 1. 5.1. This reference gives the
results of a4 program to obtain the optimum thermal protection/structural combination

for typical liquid hydrogen fuel tanks. However, duc to the complex nature of the problem,
the program input has been made a function of temperature and time. These were con-
sidered to be the two major variable parameters for the material, concept and conditions

o: Reference 5.1.5.1,

2
The program is written so that the insulation penalty is in terms of Ibs/ft” of tank ares
which varies in the sizing routine according to tank volume, which in turn varies with a

number of other design parametcrs. The equation for tank insulation weight is:

WINSTK = C(45) * SFUTK + C(77) * SOXTK + C(44)
WINSTK = Total Weight of Tank Insulation, 1bs

SFUTK = Total Fuel Tank Wetted Area, ft2

SOXTK = Total Oxidizer Tank Wetted Area, ftz

C(43) = Fuel Tank Insulation Unit Weight, lbs/ft2
c(n = Oxidizer Tank Insulation Unit Weight, lbs/ft2
C{44) = Fixed Propellant Tank Insulation Weight, 1bs
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The weight coefficient C(43) i8 obtained from the upper curve in Figure 5.1-5. The fuel
tank insulation unit welght is a function of radiating temperature. The user must

estimate what the maximum radiating temperature will be and select the corresponding value
for C(43). A typical radiating temperature of 550°F may be assumed for preliminary runs
if data is not available for making a specific selection,

The C(43) valve obtained from Figure 5.1-5 is for a total flight duration of 500 seconds.
When other flight times are anticipated the C(43) value should be modified by multiplying
it by the time correction factor (’I‘Corr ) obtained from Figure 5.1-6,

During past Space Shuttle design studies, there has not been a requirement for main
oxidizer tank insuladon. However, input data is provided for cases where the user feels
that oxidizer tank insulaton is required. The weight coefficien: C(77) is obtained from
the lower curve in Figure 5.1-5. The sei-ction criteria used to obtain C(77) is the samc
as that used for C(43). The coefficient C(77) obtained from Figure 5,1-5 is for a total
flight ime of 500 seconds. When other flight times are anticipated, the C(77) value
should be modified by multiplying it by the time correction factor (TCorr.) obtained from

Figure 5.1-6,

The coefficient C(44) is a fixed input weight to the propellant tank insulation calculations
This input may be positive or negative, This input may also be used to input a fixed
propellant tank insulation weight when scaling is not desired. When C(44) i8 used for this
purpose the coefficients C(43) and C(77) must be set to zero. All three ocoefficients are
initialized at zero and will not be used unless a value (+ or -) is input.
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5.1.6 MAIN FUEL SYSTEM — The fuel system includes the welght of those items
necessary to deliver the fuel from tne vehicle storage tanks to the engine pump inlets,
tenk venting and propellant dumping requirements, The weight of such systems is
highly dependent upon the vehicle tank and propulsion system layout and the ease of duct-
ing required to perform the propeliant transfer function, The equation for main fue!
system weight is;

WFUSYS = C(45) * TTOT + C(46) * LBODY + C(47)
WFUSYS = Total Fuel System Weight, lbs

TTOT = Total Stage Vacuum Thrust, ibs

LBODY = Body Length, ft

C(45) = Fuel System Weight Coefficient f(Thrust)

C(46) = Fuel System Weight Coefficient f(Length), lbs/ft
C(47 = Fixed Fuel System Weight, 1bs

The weight of the main fuel system may vary substantially from one vehicle to another
because of the many design considerations which can only be analyzed on the basis of a
specific design application. Since vehicles may have to be sized on a preliminary basis
before detail design data is available the following input coefficients are provided to

account for the main fuel system.

An orbiter vehicie, with the fuel tank in an aft position will have a typical Input range of
C(45) = 0.002 to 0.003 for LH, fuel. If the fuel is RP-1 the input value will vary from
C(45) = 0.001 to 0.0015,
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A booster vehicle, with the fuel tank in an aft position will have a typical input range
of C(45) = 0,0015 to 0.0020. If the fuel is RP-1 the input value will vary from C(45)
= 0,0006 to 0.001,

The equation has a term C(46) * LBODY that may be used to calculate the ducting weight
separately when sufficient detail is available. However, this portion of the equation is

not currently being used and may be zerved out.

The coefficient C(47) is a fixed input weight to the main fuel system calculation. This
input may be positive or negative. This input may also be used to input a fixed fuel
system weight when scaling is not desired. When C(47) is used for this purpose the
coefficients C(45) and C(46) must be set to zero. All three coefficients are initialized

at zero and will not be used unless a value (+ or -) is input,

R e ak To et O R SRR o R e s s
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5.1.7 MAIN OXIDIZER SYSTEM - The oxidizer system comprises those items
needed to transfer oxidizer from the vehicle storage tanks to the Propulsion systen)
and the components required to vent or dump the oxidizer tanks. This system is
dependent upon the size, length and ease of ducting for trunsfer of the propellant. The
equation for main oxidizer system weight is:

WOXSYs = C(48) * TTOT + C(49) * LBODY + C(50)

WOXBYS = Total Oxidizer System Weight, lbg

TTOT = Total Stage Vacuum Thrust, lbs

LBODY = Body Length, ft

C(48) = Oxidizer System Weight Coefficient f(Thrust)

C(49) = Oxidizer System Weight Coefficient f(Length), lbs/ft
C(50) = Fixed Oxidizer System Weight, lbs

The main oxidizer syetem weight is dependent upon practcal design factors as well as

the fluid flow characteristics. The input values for C(48) and C(49) should be obtained
from the analysis of a specific design application, However, since a detail analysis is

not always possible during the early phases of a study, the following inputs are representa-
tive of an LO2 system with the w2 tank located forward of the fuel tank,

An orbiter vehicle with the oxidizer tank forward of the fuel tank, and LHz is used for
the fuel, will have a typical input value that varies from C(48) = 0.0035 to 0.004, If
RP-1 i8 used for fuel the coefficient C(48) will vary from 0.0025 to 0.003, The reduction
in input value is due to the shorter ducting lengths required with the higher density and
lower mixture ratio fuel.

A booster vehicle with the oxidizer tank forward of the fuel tank, and LH2 is used for the
fuel, will have an input value of C(48) = 0.002 t0 0.0025, If RP-1 is used for fuel the
coefficient C(48) will vary from 0.0015 to 0,002,
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The term C(19) * LBODY ig provided in the equation so that the ducting weight may be
computed separately from the rest of the oxidizer system. This option is not currently
being used and may be zeroed out by setting C(49) = 0.

The coefficient C(50) is a fixed input weight to the main oxidizer system calculation, This
input may be positive or negative. This input may also be used to input a fixed oxidizer
system weight when scaling is not desired. When C(50) is used for thig purpose the
coefficients C(48) and C(49) must be set to zero. All three coefficlents are initialized to
zero and will not be used unless a value (+or -) is input.

S8
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5.1,% PROPELLANT PRESSURIZATION AND PURGE SYSTEM - The propellant
pressurization and purge system for the main propellant system ia representative of

a stored high pressure helium system. The two major parameters used to obtajin input
are the main tank pressures and the helium storage temperature. The system weight
includes the storage bottles, stored 828 and system components. The weight equation
inputs weigh the pressurization and purge 8ysteia as a function of fue! and oxidizer tank

volumes. The equation for propellant pressurization and purge system weight is:

WPRSYS = C(51) * VFUTK + C(52) * VOXTK + C(187)

WPRSYB Weight of Pressurization System, lbg
VFUTK = Total Volume of Fuel Tank, ft3

VOXTK = Total Volume of Oxidizer Tank, ft3

C(51) = Fuel Tani Pressure System Weight Coefficient, lbs/ft3
C(52) = Oxidizer Tank Pressure System Weight Coefficient, lbs/ft3
C(187) = Fixed Pressurization System Weight, Ibs

The coefficients C(51) and C(52) are fuel and oxidizer dependent, respectively, for the
pressurization and purge system weights, The input values for these coefficients are
obtained from Figure 5.1-7,

The coefficient C(187) 18 a fixed input weight to the pPressurization and purge system
calculation. This input may be positive or negative. This input may also be used to
input a fixed pressurization and purge system weight when scaling is not desired. When
C(187) is used for this purpose the coefficients C(51) and C(52) must be set to zero. All
three ocoefficlents are initialized at zero and will not be used unless a value (tor -) is
input.

The airbreathing propulsion pressurization system, for JP type fuel, includes the welght
of the storage bottles, stored gas and system components. The weight of the airbreathing
fuel prossurization system is calculated by the followinyg equation:
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0.0009 * C(149) * ANENGS * AN TANK

Weight of JP Pressurization System, lbsg
Number of Airbreathing Engines

Number of Airbreathing Fuel Tanks (JP)
Airbreathing Engine Thrust Per Engine, Ibs
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5.1.9 NACELLE, PODS AND PYILONS — The nacelle, pods and prloas weight penalty
s associated with the alrorestnng Hybyck engines, TIiig puenidty has been included in
the ~ngine weight input durins o evious s Hes, However a scaling equation is presented
50 the user has the option ot cavrving this penalty a8 a sepuriate weight. The equation

for nacelie, pods and pylon we ot g

WNACEL C(36) * WABPH » (37

1l

WNACEYL = Weight of Nacelle, Pods and Pylons, thy
WABPR : Welrit of Atrbreathing Engines for Flvback, ibs
Cay) = Nacelle, Puds and Pylons Weight Coctficient
3N = Fixed Bacelle, Pods and Pylon Weigt, Ibs

The coeffic.ent C(36) scales the nacelle, pods and pylon weight as a function of flyback
engine weight. Input for this co flicient is dependent on the type and size of flyback engine

used and must be determined at the time of usage.

‘The coefficient C(37) 18 a fixed input weight to the nacelle, pods aad pylon calculation.
'This input may be positive or negative. This input mry also be used to input a fixed nacelle,
pods and pylon weight when scaling is not desired. When C(37) is used for this purpose
the coefficient C(36) must be set to zero. The coeftficients C(36) and C(37) are both
initialized at zero and wili not be used unless a value (+ or -) is tnput,
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5.1.10 AIRBREATHING PROPU LSION TANKAGE AND SYSTEMS — The airbreathing
propulsion tankage and systems weight include the tanks, pumps, lines, valves, etc, A
test is made on C(212) and C(213) to determine the type of flyback fuel used,

I C(212) or C(213) have a positive value the fiyback propellant will be liquid hydrogen and
the tankage and system weight wili be determined by the following equation, When liquid
hydrogen is used the term ABFSYS will be automatically set to zero,

WABFTK - C(212) * WABFU + C(213) + ABFSYS
WABFTK = Weight of Airbreathing Propulsion Tankage and System, lbs
WABFU = Weight of Airbreathinrg Fuel, lbs

ABFSYS = Airbreathing Fuel System Weight P, lbs

C(212) = Airbreathing Propulsion Tankage and System Weight Coefficient
C(213) = Fixed Airbreathing Propulsion Tankage and System Weight, lbs

The coefficient C(212) is used to scale the airbreathing propulsion tankage and system
weight as a function of airbreathing fuel welght. A typical value of C{212) =0, 20 may
be used when the airbreathing fuel tank is assumed to be inside the main fuel tauk.

The coefficlent C(213) i8 a fixed input weight to the airbreathing propulsion tankage and system
calculation. This input may be positive or negative. This input may also be used to

input a fixed airbreathing prepulsion tankage and system weight when scaling is not desired.
When C(213) is used for this purpose the coefticient C(212) must be set tc zero, The
cocfficients C(212) and C(213) are both initializeg at zero,

When the coefficients C(212) and C(2 13)‘are both sct to zero tae fuel system will be cal-
culated on the basis of 3 JP-4 or JP-5 type system. The parameters used are limited to
those which would be available in a preliminary design study., The fuel system is broken
down into boost and transfer pumps, distribution system - Part I, Distribution System -
Part I, Fuel System Controls, Ground Refueling System, Fuel Durop and Drain System,

and Tark Bay Sealing. The Jata presented for the weight calculation of the Jp type systers

are based on Reference 5.1, 10.1.
% Setr C(I43) o . 000pD| 63
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The weight of the boost and transfer pumps I8 a function of the engine thrust and the number

sf engines, The equation for boost and transfer pumps is:

WBPUMP = C(149) * ANENGS * (1.75 + 0.266 * ANENGS) /1000
WBPUMP = Total Weight of Boost and Transfer Pumps, lbs
ANENGS = Number of Airbreathing Engines

C(149) = Airbreathing Engine Thrust Per Engine, lbs

The fuel distribution system - Part I is the total of all fuel lines, supports, fittings, etc., to
provide fuel flow from a reservoir tank to the engines. The equation for the fuel distribution -

Part I Weight is:

WDIST1 ANENGS * C(191) * C(149) ** 0.5

WDIST1 = Total Weight of Fuel Distribution System - Part I, lbs
ANENGS = Number of Airbreathing Engines

C(191) = Fuel Distribution System - Part I - Weight Coefficient
C(149) = Airbreathing Engine Thrust Per Engine, lbs

The input coefiicient C(191) is used to differentiate between a non-afterburning and afterburning
engines. If the flyback engine utilizes an afterburner the input value will be C(191) =0.31s6.
For a non-afterburning engine, which is most common for Space Shuttle vehicles, the input

value will be C(191) = 0.221.

When JP type fuel is used for flyvack, the system weights utilize gallons as a parameter.
The equation for gallons is:

GAL = WABFU/6.5
GAL = Total Gallens of Fuel
WABFU = Weight of Airbreathing Fuel, lbs
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The fuel iistribution system - Part II is the total of all fuel lines, fittings, Bupports, etc., to
provide flow between various tanks within the system. The equation for the fuel distribution
System - Part I Weight is:

WDIST2 = 0.255 * GAL ** 0.7 * ANTANK ** 0,25

WDIST2 = Total Weight of Fuel Distribution System - Part I, lbs
GAL = Total Gallons of Fuel

ANTANK =

Number of Airbreathing Fuel Tanks 08%)

The fuel system controls is the total of all valves and valve operating equipment such as wir'mg',
relays, cables, etc. The equation for the fuel system controls weight is:

WFCONT = 0.169 * ANTANK * GAL ** 0.5

WFCONT = Total Weight of Fuel System Controls, 1bs
ANTANK = Number of Alrbreathing Fuel Tanks JPp
GAL = Total Gallons of Fuel

The fuel tank refueling system includes the ducts and valves necessary to fill the fuel tanks.
The equation for fuel tank refueling system weight 1xs:

WREFUL = ANTANK * (3.0 +0.45 * GAL ** 0.333)
WREFUL = Total Weight of Fuel Tank Refueling System, 1bs
ANTANK = Number of Airbreathing Fuel Tanks JP

GAL = Total Gallons of Fuel
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The fuel tank dump and drain system is the total valves and plumbing necessary to dump and
drain the JP fuel system. The equation for fuel tank dump and drain system weight is:

WDRANS = 0.159 * GAL ** 0.65
WDRANS = Total Weight of Fuel Tank Dump and Drain System, lbs
GAL = Total Gallons of Fuel

The fuel tank bay sealing is the total weight of sealing compound and structure required to
provide a fuel tight compartment. This sealing is used with a bladder tank to prevent fuel
leakage and it is used to seal a structural compartment to provide an integral tank concept.
The equation for fuel tank bay sealing weight is:

WSEAL = 0.045 * ANTANK * (GAL/ANTANK) ** 0.75
WSEAL = Total Fue! Tank Bay Sealing Weight, 1bs
ANTANK = Number of Airbreathing Fuel Tanks P
GAL = Total Gallons of Fuel

The type of fuel tank construction assumed in this etudy for JP type fuel is the non-self sealing
(bladder) and self-sealing, The input data presented here also assumes that the tanks are

locatad in either the wing box or carry-through structure. However, the equation is of a form

that other tankage systems muy be studied if input data is available. The equation for JP
fuel tank weight 1is:
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WFUNCT = C(189) * (GAL/ANTANK) ** 0.6 » ANTANK + C(190)
WFUNCT = Total Weight of Fual Tank by

GAL Total Gallons of Fuel

ANTANK = Number of Alrbmnthmg Fuel Tanks (J 1)

Ciisyg = Fucl Tank Weight Coefficient

Criam = Fixed Fuel Tank Weight, by

The input coefficient C(189) 18 used b differentiate between self-sealing and non-self-sealing
tanks, If self-scaling is assumed the input value will be C(189) = 3.0. Fora non-self-sealing
tank, which 13 most common f{or Space Shuttle vehicles, the input value will be C(189) = 1,27,
The tank weight calculated by this equation includes Supports and backing boardag,

The coefficient C(190) is a fixed input weight to the fi-¢l tank calculation. This input may

be positive or negative. This input may also be used to input a fixed fuel tank weight

when scaling is not desired, When C(190) is used for this purpose the coefficient

C(189) must be set to zero, The coefficients C(189 and C(190) are both initialized at zero

and will not be uged unless a value (+or -} is input,

The weight of the flyback fuel system for JP type fuel ig summed by the equation:

ABFSYS = WBPUMP + WDIST] + WDISTZ  WFQUNT + WREFUL
+ WDRANS + WSEAL + WFUNCT + WABFPS

The weight of the flyback fuel system for JP type fuel less tankage is calculated by the

equation:

WABFS = ABFSYS - WFUNCT

The total weight of the propulsion system is summed by the equation:

WPROP = WENGS + WNACEL + WFUTK + WOXTK + WINSTK + WFUSYS
+ WOXSYS + WPRSYS + WENGS2 + WFUTK? + WOXTK2
+ WABPR + WABFTK
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6.0 ORIENTATION CONTROLS AND SEPARATION
6.1 ORIENTATION CONTROLS AND SEPARATION - SPACE SHUTTLE

6.1.1 GIMRAI SYSTEN . The gimbal {th.'uui-u:viur-commi) actuation system in
utlized when a rocket engine is used for main impulse. The data in Figures 6, 1-]

and 6. 1-2 is based on Reference 6, 1. 1.1 and is for an electrical system consisting

of a silver-zine primary battery, a d. c, electric motor and a Eear train, two muag-
netic partical clutches and ball-screw actuators, The work in Reference 6.1, 1. 1

also covered a pneumati : a~tuation system, Both Bystems were sompletitive from

a welght standpoint with a slight advantage for electrical systems for the longer opera-

ting imes (= 1200 sec, ) and for all torque levels greater than 100¢ Ib-in,

The system weiht I8 expressed in parumetric form as a funclion of delivered torque,
maximum deflection rate of nozzie and operating time., The range of significant opera-

tional requirements and conditions for the data presented here are:

Delivered Torque - 6,000 to 2, 000, 730 [b-in
Nozzle Deflectlion - 2 to 20 degrees

Nozzle Deflection Nate 5 to 25 degrees/second
Operating Time = 50 to 1200 seconds
Thermal Environment = ~420 to + 400°F
Acceleration = 2.5t 15¢

The system assumes pitch and yaw control for single engine and pitch, yaw and roll

control for multiple engines, Tha equation for delivered tomue is:

TDEL = 750 * ,’TTOT/NENGS/PCHAM) **1.25
TDEL = Gimbal System Delivered Torque, lb~in
TTOT = Total Stage Vacuum Thrust, lbs
NENGS = Total Number of Engines Per Stage
PCHAM = Rocki:t Engine Chamner Pressure, psia
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WSTAR - NENGS * (C(28) * TDEL »» C(1€0) ) + C(161)
WSTAB - Weight of Engine Gimbal System, lbg
NENGS - Total Number of Engines per Stage

TDEI. = Gimbal System Delivered Torque, lb-in
C(28) = Gimbal System Weight Coefficient (Intercept)
C(160) Gimbal System Weight Coefficient (Slope)
C(161 = Fixed Gimbal System Weight, lbs

The wetght coefficia ts C{28) and C(160) represent the intercept and siope, respectively,

for the curves shown in Figures 6.1-1 and 6. 1-2. These coefficients scale the gimbal
System weight per engine as a function of the engine delivered torque. The data in Figure
6.1-1 represents a gimbal system with a maximum nozzle deflection rate of 20 deg/sec

and Figure 6.1-2 ig for 5 deg/sec. Both figures are for maximum deflections of 19 degrees
and operating times of 100 to 1200 seconds. If the maximum deflection rate ig between

» and 20 degrees the coefficlent C(28) may be raticed from the values shown og Figures 6, 1-1
and 6, 1-2,

The gimbal system is calculated as a welght per engine and then multiplied by the number

of engines per stage, If the engines are slaved together as one or more units the coef-

ficient C(28) will have to be modfied to account for the reduction tn weight. This modification
18 a functon of the specific design and is left to the discretion of the user,

The coefficient C(161) 1s a fixed input weight to the gimbal system calculation, This input
may be positive or hegative, This input may also be used to input a fixed gimbal system
weight when scaling 1s not desired, When C(161) is used for this purpose, the coefficient
Ci28) must be set to zero. The coefficient C(181) s initialized at zero and will not be
used unless a value (+or -) 1s tnput,
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6.1.2 SPATIAL ATTITUDE CONTROL SYSTEM — This subsystem represents the
welight of the attitude control system which includes engines, valves, pressurant and
residual propellants. It does not include the propellants and their associated tankage.
The system includes pitch, yaw, roll and translation engines. The equation for attitude

control system weight is:

WACS = C(156) * WWAIT (4) ** C(155) + C(157)
WACS = Weight of Attitude Control System, lbs
WWAIT(4) = Initial Orbit Weight, lbs

C(156) = ACS System Weight Coefficient (Intercept)
C(155) = ACS System Weight Coefficient (Slope)
C(157) = Fixed A CS System Weight, lbs

The weight coefficients C(156) w..d C(155) represents the intercept and slope, respectively,
for the data shown in Figure 6, 1-3. Tﬁese coefficients scales the attitude control system
as a function of initial orbit weight and type of system. The upper curve is representative
of a high pressure turbopump system. The thrust level ranges from 1,000 lbs to 2,000 lbs
per thruster with the number of thrusters varying from 15 to 30. The lower curve is
representative of a high pressure fed super critical storage system. The thrust range

and number of thrusters are thz same as the upper curve.

The coetficient C(157) is a fixed input welght to the attitude control system calculation., This
input may be positive cr negative. This input may also be used to input a fixed gimbal
system weight when scaling is not desired. When C(157) is used for this purpose, the
coefficient C(156) must be set to zero. The coefficient C(157) is in:tialized at zero and will

not be used unless a value (+ or -) is input.

6.1,3 ATTITUDE CONTROL SYSTEM TANKAGE — The attitude control system tankage
weight includes the bladders, insulation, mounting, etc., but does not include the pro-

pellants. The cquation for attitude control system tankage weight is:
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WACSTK = C{164) * (WACSFO + WACRES) + C(165)
WACSTK = Wefeht of Attitude Control System Tankage, lbs
WA CSFO = Woizht of ACS Fuel and Oxidizer, ibs

WACRES Weight of ACS Propellant Reserve, lhs

C(164) : ACY Tank Weight Coefficient

C(1865) : Fixedd ACS Tank Weight, bs

The coefficient C(163) scales the attitude control propellant tankage weight as a function
cf total ati:tude ountrol propellant and reserve propellant weight., Different types of
propellant combinations uad storage arrangements may be used, If a storsble propellant
18 used 2 typical mput value s C{164) =0.10. A criogenmic propellant will nave an irput
value of Ci164) =0.25 11 the cryvgeaice propellant utilizes super criucal storage the input

value should be increased to C(i64) = 0,60,

The coefficient C(165) is 2 fixed input weight to the attitude control tankage calculation.
This input may be positive or negative. This input may alsc be used to input a fixed

tankage weight when scaling is not desired. When C{165) is used for this purpose, the
coefficient C(164) rmuet be set to zero. The ovefficient ((165) is tnitialized at zero and

will 2ot be used unless a value (+ or -} is input.
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§.1.4 AERODYNAMIC CONTROLS — The weight of this subsystem inciudes the total “a
weight of the aerodynamic oontrol system. It includes all control levers, push-pull rods,

cubies, and ectuators from the control statior up to but not including the aerodynamic

surfaces, This weight does not include the autopilot or the AN Hydraulic/Pneumatic

system weight, The equation for aerodynamic controls system weight is:

“t

WAERO - ey [\ﬂ\'AIT(S) ** 6.689 * (LBODY + CSPAN) ++ 0.287

**C(1E5) + C(56)

WAERO = Weight ot Aerodynamic Coutruls, Ibsg

WWAIT(5) = lnitial “ntry Weight, los

LBODY = Body lLength, ft

CSPAN = Structural Span (Along .5 Chord), ft

C(55) = Aerodynamic Control System Weight Coefficient (Intercept)
C(185) = Aerodynamie Control System Weight Coefficient (Slope)
C(36) = Fixed Aerodynamic Control System Weight, lbs

The weight coefficients C(55) and C(185) represent the intercept and slope, respectively, {or
the aerodynamic controls data from various aircraft shown in Figure 6.1-4. Thesge coefficient
scales the aerodyna:nic controls weight as a function of entry weight, body length and struc-
tural wing span. The data is also represeutative of fixed wing aircraft. If a variable sweep
wing design 18 involved the coefficient C(55) should be increased from 8 to 10% to account

for the actuation gystem penalty.

The cvefficient C(56) is a fixed input welght to the aerodynamic controls calculation, This
irput may be positive or negative. This input may also be used to input a fixed aerodynamic
controls weight when scaling is not desired. When C(56) is used for this purpose the
coefficient ((55) must be set to zero. The coefficients C(55), C(185) and C(56) are all

initialized at zero and will not be used unless a value (+or -) is input,
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6.1.5 SEPARATION SYSTEM — The separation system weight includes the system
and attachments that are used for Separating the two stages from each other, This weight
includes the separation system back-up structure required to react the loads ag well as

the fittings and structure that attaches the two stages together,

Since the booster is dropped early in flight, the major loads may be reacted by the hooster
Structure. The separation system weight for both orbiter and booster is scaled as a function
of orbiter take-off weight. Thiz iy ac~omplished by utilizing a different equation in each

stage calenlation, The equations for separation system weight are:

Urbiter Stage:
WAUXT = C(153) * WTO + C(154)

Booster Stage:

WAUXT = C(153) * WPAYL + C(154)
WAUXT = Weight of Separation Syatem, lbs
WTO = Take-off Weight, 1bs

WPAYI. = Total Payload Weight, lbs

C(133) = Separation System Weight Coefficient
C{189) . Fixed Separation System Weight, lbs

The coefficient C(153) acales the scparation system as a function of orbiter take—off weight
for both the orbiter and booster stages. The booster equation uses payload weight as the
scaling term but the program is auch that the booster payload is equal to orbiter take-off
weight,

I design data is not availabie, and it {s assunied that the major loads are reacted by the
bouster, a preliminary design value of C(152) = 0,001 to 0,003 may be used for the orbiter.
A preliminary dosfgn value of C(153) -~ 0.02 to 0. 04 may be used for the booster. As
soparation systrm deaign data becomes available, new values for ©(153) should be generated

and incorporated into the Data Handbook,
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The coefficient C(154) is a fixed input weight to the separation system calculation. This
input may be positive or negative. This input may also be used to input a fixed separation
system weight when acaling is not desired. When C(154) is used for this purpose the
coefficient C(153) must be set to zero. The coefficients C(153) and C(154) are both

initialized at zero and will not be used unless a value (+ or -) is input.
The total weight of the orientation controls and separation group is summed by the equation:

WORSUL = WSTAB + WACS + WAERO + WAUXT -~ WA CSTK

79
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7.0 POWER SU PPLY, CONVERSION AND DISTRIBUTION
7.1 POWER SUPPLY, CONVERSION AND DISTRIBUTION - SPACE SHUTTLE

7.1.1 ELECTRICAL SYSTEM — This subsystem includes the weight items required
to generate, convert and distribute electrical power required to operate the various
vehicle subsystems, The major Components represented in this system weight are power
generating units, trangformers, recetifier units, control equipment and electrical power

distribution system.

The Space Shuttle electrical load wil} vary with flight re.uirements and trajectories as a

WSORCE - C(62) * (WAVIOC + WABFS) *+ C(63) + C(64)
WSORCE = Weight of Electrical System, lbs

WAVIOC = Weight of Avionic System, lbs

WABFS = Weight of JP Fuyel System Less Tanks, lbs
C(82) = Electrical System Weight Coefficient (Intercept)
C(63) = Electrical System Weight Coefficient {Slope)
C(64) = Fixed Electrical System Weight, 1bs

The weight coefficients C(62) and C(63) represents the intercept and slope, respectively,
for the electrical system data shown in Figure 7.1-1. The coefficients C(62) and C(63)
scales the prime power source and distribution weight as a function of the electronic and
electrical driven (flyback JP) fuel system weights,

81
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The flyback fuel system may utilize efther liquid hydrogen of JP for flyback fuel. If the
flyback fuel Lystem utilizes a pressure fed liquid hydrogen system, fed from the main fuel
system, it will not significantly affect the electrical requirements and will therefore be
omitted from the calculation. This is accomplished Ly testing for JP and either calculating

a value for WABFS or setting WABFS equal to zero,

The coefficient C(64) is a fixed input weight to the electrical system calculation. Thisg

input may he positive or negative. This input may also be used to input a fixed electrical
system weight when sca'ing is not desired., When C(64) is used for this purpose the coefficient
C(62) must be set to zero. The coefficient C(64) is initialized at zero and will not be used

unless a value (+ or ~) is input,

The electrical system may utilize a4 power generating system that requires propellants, The

weight of prim.: power source propellant tankage is calculated by the equation:

WPOWTK = C(29) * WPOWFO + C(60)
WPOWTK = Weight of Prime Power Source Tanknge, lbs
WPOWFO = Weight of Prime Power Source Propellants, lbs
C(29) = Prime Power Source Tankage Weight Coefficient
C(60) = Fixed Prime Power Source Tankage Weight, lbs

The coefficient C(29) scales the Prime power source tankage as a function of prime power
source propellant weight. Different types of propellant combinations and storage arrange-
ments may be used. If a storable propellant is used a typical input vulue is C(29) = 0. 10.
If a cryogenic propellant is utilized a typical input value is C@29) = 0.25. If the
cryogenic propellant utilizes super critical storage system the typical input value should
be increased to C(29) = 0. 60,
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The coefficient C(60) is a fixed input welight to the prime power source tankage cal-
culation. This input may be positive or negative. This input may also be used to input

a fixed prime power source tankage weight when scaling is not desired. When C(60) is
used for this purpose the coefficient C(29) must be set to zero. The coefficients C(29)
and C(60) are both inftialized at zero and will not be used unless a value (+or -) is input,

The total electricai system weight is summed by the equation:

WPOWER = WSORCE + WPOWTK
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7.1.2 HYDRAULIC/PNEUMATIC BYSTEM — The hydraulic/pneumatic system is

comprised of the system components to produce fluid or socunatic preasure, oontrol
equipment, storage vessels, bydraulic fluid and a distribution system up to but not
including the various functional branches, actuators, etc. The equatior for hydraulic/
pneumatic system weight is:

WHYCAD = C(65) * E(swmc; * SHORZ + SVERT) * Q/1000) ** 1.3125
+ (LBODY + CSPAN) ** 1.06125} ** C(66) + C(67)

WHYCAD = Weight of Hydraulic/Pneumatic System, lbs

SWING = Gross Wing Area, tt2

SHORZ = Horizontal Stabilizer Planform Area, ftz

SVERT = Vertical Fin Planform Area, ft>

Q - Maximum Dynamic Pressure, Ibs /ft2

LBODY = Body Length, ft

CSPAN = Structural Span (Along .5 Chord), ftz

C(665) = Hydraulic/Pneumatic System Weight Coefficient (Intercept)
J6) = Hydraulic/Pneuma tic System Weight Coefficient (Slope)

C(67) = Fixed Hydraulic/Pneumstic System Weight, lbs

The weight coefficients C(65) and C(66) represents the intercept and slope, respectively,
for the hydraulic/pneumatic system data shown in Figure 7. 1-2. These input coefficients
scale the hydraulic/pneumatic system as a function of the summation of aerodynamic
surface areas times the dynamic pressure and as a function of body length and structural
span. The areas and dynamic pressure are the parameters for sizing the hydraulic/
poeumatic equipment. The body length and structural 8pan i8 used as the parameters to
acoount for the distribution system,

The coefficlent C(67) s a fixed input weight to the hydraulic/pneumatic system calculation,
This {nput may be positive or negative. This input may also be used to input a fixed
hydraulic/poeumatic system weight when scaling 1s not desired. When C(67) is used for
this purpose the coefficient C(65) must be set to zero. The coefficient C(67) is initialized
at zero and will not be used unless a value (+ or -) is input.
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8. 0 AVIONICS
8.1 AVIONICS SYSTEMS - The avionic system, for this study, includes the guidance

and navigation system, the instrumentation system and the communications system,

8.1.1 GUIDANCE AND NAVIGATION SYSTEM - The guidance and navigation systein
includes those items necessary to ensure that the vehicle position and its trajectory is
known at all times. This system also generates commands for the flight control Sys-
tem for changing or vorrecting the vehicle heading, The equation for guidance and

navigation system weight is;

WGNAYV = C(68)

The coefficient C(68) is a fixed input weight that depends upon the type system utilized,

A typical input value for Space shuttle type rehicles and trajectories is C(65) = 550,

8.1.2 INSTRUMENTATION SYSTEM - The instrumentation System provides for a
weight allocation assigned to the basic instruments normally required for sensing

and readou! of the normal flight parameters needed for monitoring a flight program,

tation functions that may be required, Weight allocation for the {nstrumer (ation 8ys-~
tem is normally part of a design study for a particular vehicle design and mission
requirement. However, an initial estimate of the instrumentation System weight may

be cbtained by the following equation:

WINST = C(69) + LBODY + C(70)

WINST = Weight of Instrumentation System, lbs

LBODY = Body Length, ft

C69) = Instrumentation System Weight Coefficient, lbs/ft
C{70) = Fixed Instrumentation System Welght, 1bg
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The coeffictent C(69) s a function of body leagth to account for various inst-umenta-
tion tha* 18 spreard along the vehiel. body. This input will he configuration oriented

and must be gstimated by the s

e coefficient Corey 1z 4 lixed st to the instrumentat;on £ystem caleulation, This njut
iy be positive or rettine . This input iniy 2180 be uxed to mput a lixed instrumentation
2ysteIn welght when s ahing 1u noe desired. Typical fixed input values for Space Shuttl type
soehicte is Ci70) - 1300 tor g, criater and C(70) = 2000 for the booster. When CI70) 15 input
asz u fixed svstem weight, e coetficieont C(69 must be sct to zero. The coefficients Ci64)

(0 are hoth initindized at 2ero and will not be used unless a value (+ or ~) is input,

1005 COMMUNICATION SYSTHM - The communication svstem weight allocation is
for ail equipment necessary to provide tor the tommunication between vehicle and air
oo round stations trcluding communication within the vehicele itself, The equation for

cominunication system weighit ige

WOUMM - C(i1) o NCREW - )

WCOMM = Weight ot Communication System, lbs
NCREW = Number of Crew Members

CI) = Commuiication System Weight Coefficient

U(72) = Fixed Communication System Weight, lbg

The coeffictent C(71)is a function of crew size and may be used if a specific type
commun:cation system is being us.d, However, in most cases the communication

system is inpul as a fixed weight by use of the coefficient C(72). When C(72} is used

for this purpose the cocfficient C(71) must be zero. Typical input values for Space Shutrle

vehicles witis a crew of two s C(72) = 600 for the orbiter and C{72) = 350 for the booster,

The total weight of the avionics system is sumnred by the equi‘ion:

WAVIOC = WGNAV + WINST + wCOHMM
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v.0 PERSONNEL PROVISIONS
Y. PERSONNFI. PROVISIONS - SPACE SHUTTLE

Y.1.1 PERSONMNE| PROVISIONS — The personnel provisions include the equipment and
personnel environmental contro! system, coolant sysicm, personnel accommodations, fixed

e support eyquilment, efwergoency cquipment, furnishings, crew station contro!s and pancls,

The equipment environmental control system I8 used to maintain the correct operating
cooditions for vehicle system cquipment, Under the procedures for obtaining program
tnputs for thia syasterm a thermal analysis should be made in which equipment 8 provided
to obtain a therma! balance over a wido range of operating conditions. This procedure
requires detatled knowledge of specific design conditions for high accuracy and should
always be followed when possibie. In lieu of this, the input can be based upon past studies
or weight allocations used in initial design studies. The typicai coefficients given in

Table 9, 1.1 are based upon some prescnt aircraft data and vehicle design study values.

The function of the persuvrnal environmental control system is to provide an acceptablc
onvironmental condition for the crew. This includes temperature, atmosphere and
pressurization equipment and supports. The best design inputs are provided after a
therraal analysis 1s made using the compcnent size and weight along with known design
parameters. When this 18 not possible, reasonable welght allocations may be made for
initial design purposes which are based on present aircraft. The coefficients shown in

Table 9.1.1 are intended to provide the uzer with typical values which will yield weight
allocations of the right magnitude.

The coolant system is required for controlling environment in conjunction with

the overall active environmental control system. The welght of this item is usually derived
during w..e process of thermal analysis of the compartment design conditions. In the
absence of a weight estimate hused on a thermal analysis, a typical number is provided
which 18 based on existing aircraft data. The input for coolant system is given in Table

9.1.1,

———
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The gocommodations for personnel includes seats, supports, restraints, shock absorbers,
ejection mechanisms, etc. The welghts used for these items usually fall into a narrow
band depending upon the type of seat required by design. Nominal weights for various

type systems are shown in Table 9.1.1. The user has the option to select the best input
t? fit his specific design. Space is left or. ihe tabie so that the yser may add data for

other systems if he so desires,

The fixed life support system includes food containers, waste management, hygiene equip-
ment, etc. A typical value for this input ig shown in Table 9.1, 1.

The fixed emergency equipment includes a build-in fire extinguishing system, life rafts,
otc. A typical value for this input 13 shown in Table 9.1, 1.

The furnishings includes crew storage cabinets, partitions and sound proofing. A typical

value for this inpit is shown in Table 9,1.1.

The crew station control and panels is for installation of crew station flight controls,
mstrument panels, controi pedistals and stands. Typical input values for the crew

statlon controls and panels are shown in Table 9.1.1).

The personnel provisions are a combined function of landing weight, crew size and fixed
weights. Therefore, the weight penalty may be represented by one equation and the various

inputs collected and summed from Table 9.1.1. The equation for personnel provisions

weight 1s;
WPPROV = C(74) * WWAIT(7) + C(75) * NCREW + C(76)
WPPROV = Weight of Crew Provisions, lbg
WWAIT(T) = Maximum Landing Weight, lbs
NCREW = Number of Crew Members
C(74) = Equipment E CS Weight Coefficient
C(75) = Crew Provisions Weight Coefficient
C(76) = Fixed Crew Provistons Weight,| Ibg

PO
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The input coefficient C(74) is used to scale the equipment euvironmental control system and
fixed emergency equipment with landing weight, A typical value for C(74) is shown in
Table 9.1.1.

The input coefficient C(75) is used to scale the personnel provisions with crew size. Typical
values for the crew dependent provisions are shown in Table 9.1.1. The user may select
and sum the C(75) values he wishes to incorporate into any glven run. If a design has beth

crew and passengers, the weight may be accounted for by over weighting the C(75) nput,

The input coefficient C(76) is used for fixed weight portions of the various personnel pro-
vision itemg. The user may sum the typical values showa 1n Table 9.1.1 and input as one
number, This coefficient may also be used to input a fixed weight for the total personnel
provisions when scaling is not desired. When C(76) is used for this purpose the coefficients
C(74) and C(75) must be set to zero.




Table 9.1.1. Typical Parsonnel Provisions Input.

GDC-DBB70-002

L SYSTEM DESCRIPTION C(74) C(75) C(76)

Equipment Environmenta) Control

Booster 0.00015 - -

Orbiter 0.001 - -
Personne] Environmental Control

Booster - 100 -

Orbiter - 300 -
Coolant System

Booster - 100 -

Orbiter - 200 -
Accommodations for Personnel

B-70 Type Encapsulated Seat - 570 -

X-~15 Ejection Seat - 300 -

Gemini Ejection Seat - 220 -

Lightweight Ejection Seat - 100 -

Conventional Crew Seat - 50-120 -
Fixed Life Support

Booster - 10 -

Orbiter - 60 -
Fixed Emergency Equipment 0.0008 - -
Furnishings - 50 -
Crew Station Controlg and Panels - 50 350
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10.0 DESIGN RESERVE
10.1 DESIGN RESERVE - SPACE SHUTTLE

10.1.1 CONTINGENCY AND GROWTH - The input for contingency and growth permits
a propertion of dry weight and/or a fixed weight to be set aside for growth allowance,
design unknows, etc. The dry weight is summed by the equation:

WDRY = WSURF + WBODY + WTPS + WLRD + WPRGP + WORSUL +
WPOWCD + WGNAV + WINST + WCOMM + WPPROV + WPOWER

This value for dry weight is then used in the equation for contingency and growth which

1s:

WCONT = C(96) * WDRY + C(162)
WOONT = Weight of Contingency and Growth, lbs
WDRY = Stage Dry Weight, lbs

C(96) = Contingency and Growth Coefficient

C(162) = Fixed Contingency and Growth Weight, lbs

The coefficient C(96) 18 an input coefficient to provide a percentage of dry weight for
contingency and growth. The input value for C(96) is the users responsibility as to the
percent he wants to allocate for this purpose. If 10% is desired the coefficient is input
28 0.10 or 15% is 0.15, etc.

The coefficient C(162) is used to input a fixed weight to the growth and contingency cal-
culation, This input may be positive or negative, An additional use for this coefficient
would be to input ballast weight if required,
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When scaling is not desired, this coefficient may be used to input a fixed weight for von-
tingency, growth or ballast, When C(162) is used for this purpose the coefficient C(96)
must be set to zero. The coefficients C(96) and C(162) are both initialized at zero and
will not be used unless a value (+or ~) is input.

The weight empty is summed by the equation:

WEMPTY = WDRY + WCONT
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11.0 PERSONNEL
11.1 PERSONNEL - SPACE SHUTTLE

11.1.1 CREW AND CREW LIFE SUPPORT ~ ‘lnig section includes the crew, gear and

accessories as well as the crew life support,

The crew, gear and accessories includes crew, constant wear and protection garments,
pressure suits, head gear, belt packs, personal parachutes, portable hygienic equipment,
Mmaps, manuals, log books, portable fire extinguishers, maintenance tools, etec, Typical

input values for the crew, gear and accessories are shown in Table 11.1.].

The crew life support includes food, water, portable containers, medical equipment, survival

kits, etc, Typical input valves for crew life support is shown in Table 1].]. 1,

The crew and crew life support system weight is function of crew size and fixed weight

items. The equation for crew and crew life support weizght is:

WPERS = ((97) * NCREW 4 C(98)
WPERS =  Weight of Crew, Gear and Crew Life Support, lbs
NCREW =  Number of Crew Members

C(sn =  Crew Weight Coefficient

C(98) = Fixed Crew Weight, 1bs

The input coefficient C(97) is used to scale the crew and crew life support with crew size,

Typical values for the crew dependent weight is shown in Table 11.1.1,
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The input coefficient C(98) 18 used for fixed crew life support weight.

A typical input for
C(98) is shown in Table 11.1.1.

This coefficient may also be used to input a fixed weight

for crew and crew life support. When C(98) is used for this purpose the coefficie
must be set to zero,

nt C(97)

Table 11.1.1. Typical Inputs for Crew and Crew Life Support.

DESCRIPTION C(97 C(98)
Crew, Gear and Accessories 180-250 ——
Crew Life Support 5 —-—
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12,0 PAYLOAD
12,1 PAYLOAD - SPACE SHUTTLE

12.1.1 CARGO ~ Tha: Space Shuttle payload/cargo weight for the orbiter is calculated
by the fallowing equaticn:

WCARGO = C(102) * NPASS + C(103)
WCARGO = Weight of Payload/Cargo, 1bs
NPASS 2 Number of Passengers

C(102) Payload/Cargo Weight Coefficient
C(103) = Fixed Payload/Cargo Weight | 1bs

The coefficient C(102) sizes the payload/cargo as a function of passenger size., This
input is for the weight of furnishings and support equipment associated with number of

passengers but does not include welght of passengers,

The coefficient C(103) is used to input a fixed weight to the payload/cargo calculation,
This input may be positive or negative, The coefficient €(103) may also be used to input
a fixed payload/cargo weight when scaling is not desired, In addition, this coefficient
may be calculated for the fixed gross welght option. If either of the last two options are
used the coefficient C(102) must be set to zero. When the fixed gross welght option is
used the C(103) input is a estimate that is used in the first pass only, The coefficients
C(102) and C(103) are both initialized at zero and will not be used unless a value (+ or -)
18 input.

The weight of passengers are computed by the equation:

WPASS = C(104) * NPASS + C(105)
WPASS = Total Weight of Pagsengers, lbs
NPASS = Number of Passengers

C(104) = Passenger Weight Coefficient
C(105) = Fixed Passenger Wetght, lbs
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Te coefficlent C(104) is the weight per passenger. The input value will vary as to the

type of passenger agsumed by the usger.

The coefficient C(105) 18 used to input a fixed weight to the passenger calculation. This
input may be positive or negative. This coefficient may also be used to input a fixed
passenger weight when scaling 1a not desired. Wten C(105) is used for this purpose the
coetficient C(104) must be set to zero, The coefficients C(104) and C(105) are both
initdalized at zero and will not be used unless a value (+ or -} is input,

The normal booster payload weight is equal to the orbiter gross weight. Thig
operation is accomplished by inputing the booster coefficients C(102), C(103),
C(104) and C(105) equal to zero. When the orbiter gross weight has been calculated
the value is stored In C(105) for the booster iterations. If additional payload is
desired on the booster stage it may be added as C(103).

The total payload weight {s summed by the equation:

WPAYL = WCARGO + WPASS
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13.0 PROPELLANTS
13.1 PROPELLANTS - SPA CE SHUTTLE

i3.1.1 RESIDUAL PROPELLANTS AND SERVICE ITEMS — This section includes the
equations for determining the residual propellants and service items for a Space Shuttle

type vehicle,

and ducting layouts, If such values are avajlable or can be calculated they should be con-
verted to the terms required by the program equations.

The weight of trapped gases for pressurization and purge is calculated by the following

equation:
WGASPR =  C(106) * VFUTK + C(107) * VOXTK + C(108)
WGASPR = Weight of Fressurization and Purge Gases, lbs
VFUTK = Total Volume of Fuel Task, £
VOXTK =  Total Volume of Oxidizer Tank, ft3
C(106) =  Fuel Tank Gas Weight Coefficient, lbzs/ft3
C(107) =  Oxidizer Tank Gas ‘Weight Coefficient, lbs/ft3
C{108) = Fixed Pressurization and Purge Gas Weight, lbs

The coefficients C(106) and C(10T) scales the Bas weight as a function of fuel and oxidizer
tank volumes, respectively. The input value for these ocoefficients depends upon the specific

design and requirements set by the user,

The coefficlent C(108) 18 a fixed input to the pressurization and purge gas calculation.
This input may be positive or hegative, 1his coefficient may also be used to input a
fixed pressurization and purge gas weight when scaling is not desired. When C(108) is
used for this purpose the coefficients C(106) and C(107) must be get to zero, The
coefficients C(106), C(107) and C(108) are all initialized at zero and will not be used

unless a value (+ or -) is input,
99
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The trapped fuel i8 defined as that amount of fuel trapped in the main tank and cannc. be
expended for main impulse, The cJeation for trapped fuel weight is:

WFUTRP = C(109) * WFUTOT + C(225) * Wp + S(226) * TTOT + C(110)
WFUTRP = Weight of Trapped Fuel, 1bs

WFUTOT = Total Weight of Fuel, lbs

wp = Total Welght of Propellant, 1bs

TTOT =  Total Suage Vacuum Thrust, lbs

C(109) =  Trapped Fue! Weight Coefficient f{Fuel Weighy

C{225) =  Trapped Fuel Weight Coefficient f(Propeliant Veight)
C(226) =  Trapped Fuel Welght Coefficient f(Thrast)

2(110) = Fixed Trapped Fuel Weight, 1b;

The trapped fuel may be scalec as a function of total fuel weight, total propellant weight or
iotal thrust. The input value for these coefiicients will vary as a function >f design and
propellant type. However, if speciiic design detail I8 noi known, the following set of input

data may be used as typical valuee until specific data is available.

FOR LHy FUELED VEHICLES

Orbitar
c(109) = ()}
C(225) = 0.0011
C(226) = 0.000062
C{11n = 0
Booster
C(109 = 0
C(225) = 0.0011
C(226) = 0.00015
C(110) = 0

FOR RP-1 FUELED VEHICLES

Orbiter and Booster
C(109) =
C(225)
£(226)
C(110)

.006 to 0,010

]
(=2 R~ I ]

#
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The coefficient C(1 10) 18 a fixed input to the trapped fuel calculation, This input Imay

be poaitive or negative. The coefficient may also be used to nput a fixed trapped fuel
weight when scaling is not desired, When C(110) is used for this purpose the coefficients
C(109), C(225) and C(226) must be set to zerc, All four coefficients in this equation are
initial{zed at zero and will not be used unless a value (+ or -) is input,

The trapped oxidizer ig defined as that amount of oxidizer trapped in the main tank and
annot be expended for main impulse. The equation for trapped oxicizer weight is:

WOXTRP = (C(111) * WOXTOT + C@27 * WP + C(228) * TTOT + Cc(112)
WOXTRP = Weight of Trapped Oxidizer, lbs
WOXTOT = Total Weight of Oxidizer, lbs

wp = Total Weight of Propellant, 1bs

TTOT = Total Stage Vacuum Thrust, lbs

C(111) =  Trapped Oxddizer Welight Coefficient f (Orbiter Weight)
C(227) =  Trapped Oxidizer Weight Coefficient f(Propellant Weight)
C(228) =  Trapped Oxidizer Weight Coefficient f(Thrust)

C(112) = Fixed Trapped Oxidizer Weight, 1lbs

The trapped cxidizer may be scaled as a function of total oxidizer welght, total propellant
weight or total thrust, The input value for this coefficients will vary from one design to
another. However, if specific design detall 13 not known, a typical input value for the
orbiter of C(111) =0, C(227) = 0. 0005 and C(228) = 0.00114 may be used for a liquid
oxygen system. Typical values for the booster of C(111) =0, C(227) = 0.000395 and
C(228) = 0.07095 may be used.

The coefficieat C(112) is a fixed input to the trapped oxid!zer calculation. This input may
be positive ur negative. ‘Th!s coefficient may also be used to input a fixed trapped oxidizer
weight when scaling is not desired. When C(112) 1s used for this purpose the coefficients
C(i11), c(227) and C(228) must be set to zero, All four coefficients in this equatién are

initlalized at zero and will not be nsed unless a value (+ or -) is input,

101 ¥
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The trapped service items are calculated by the equation:

WSRTRP = C(113) * WWAIT (1) + C(114)

WSRTRP = Weight of Trapped Service Items, lbs
WWAIT() = Weight at Ignition, lbs

¢(113) = Trapped Service Items Weight Coefficient
C(124%) = Fixed Trapped Service Items Weight , 1bs

The coefficient C(113) scales the trapped service items weight as a function of igniton weight.

This input is determined by the user as some percent value.

The coefficient C(114) 8 a fixed input to the trapped service item calculation. This input

may be positive or negative. This coefficient may also be used to input a fixed trapped service
item weight when scaling is not desired. When C(114) 1s used for this purpose the coefficlent
C(113) must be set to zero. The coefficients C(113) and C(114) are both initialized at zero

and will not be used unleas a value (+ or -} is input,

The total weight of residual propellant and service items is summed by the equation;

WRESID = WFUTRP + WOXTRP + WGASPR + WSRTRP

102
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13.1.2 RESERVE PROPELLANTS AND SERVICE ITEMS — This section includes

reserve propellant equations for the main fmpulse fuel and oxidizer, the attit:de control

propellants, the power source propellants and the service items,

.-

*

The mein impulse propellant reserves may be computed from the mass ratio and mixture

ratio,

a8 a percentage of the main impulse fuel and oxidizer weights or input as fixed

weights, The equations for calculating the main unpulse reserve fuel and oxidizer weighis

alen

WFURES C(115) * WFUEL (3) + WFUEL (4) + C(116)
WOXRES C(117) * WOX (3) + WOX(4) + C(118)
WFIIRES Weight of Fuel Reserve, lbsg
WFUEL(3) Weight of Main Irapulse Fuel, Ibs
WFUEL(4) Main Impulse Fuel Reserve, lbs
WOXRES Weight of Oxidizer Roserve, lbs
WOX(3) Weight of Main Impulse Oxidizer, lbs
WOX(4) Main Impulse Oxidizer Reserve, lbs
C(115) Fuel Reserve Weight Coefficient
C(116) Fixed Regserve Fuel Welight, lbs
C(117n Oxidizer Reserve Weight Coefficient
C(118) Fixed Reserve Oxidizer Welght, Ibg

The coefficients C(115) ard C(117) scales the reserve fuel and oxidizer weights as a function
of the main impulse fuel and oxidizer weights, respectively. Typical input values for Ci115)
and C(117) will vary from €. 05 to 0.20. When the reserve propellants are calculated as

a iunction of main impulse propellant weight, the reserve propellant mass ratio and mixture
ratio (MR(4) amd CFUEL(4) ) must be set to zero, This results in a calculated value of
zero for WFUEL(4) and WOX(4) which are used in the previously deacribed equatjon,

1®
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If the reserve fuel and oxidizer weights are to be computed as a function of mass ratio
and mixture ratio then the coefficients C(115) and C(117) must be set to zero, The
reserve propellant mass ratio (MR(4) ) is Input as a ratio or as a delta velocity in ft/sec.
If a delta velocity is input it will be converted to a mass ratio value within the program,
In addition the reserve propellant mixture ratio and specific impulse (CFUE L(4) and
ISP(4)) must also be input. The weight of WFUEL(4) and WOX(4), for the pPreviously
described equation is then computed by the following equations:

WFUOX = WWAIT(4) * (MR(4) - 1.)/MR(4)
WFUEL(4) = WFUOX * CFUEL (4)

WOX(4) = WFUOX - WFUEL (4)

WFUOX = Weight of Main Impulse Propellant Reserve, lbs
WWAIT{4) = Initial Orbit Weight, lbs

MR(4) = Reserve Propellant Mass Ratio

WFUEL@4) = Main Impulse Fuel Reserve, lbs

CFUEL(4) = Reserve Propellant Mixture Ratio

WOX(4) = Main Impulse Oxidizer Reserve, lbs

The input value for the mass ratio 18 left to the discretion of the user. The reserve pro-
pellant mixture ratio and ISP ig normally input the same as the main impulse propellants,

The coctficients C(116) and C(118) are fixed input to the reserve fuel and oxidizer cal-
culations. These Inputs may be positive or negative, These coefficients may also be
used to input fixed reserve fuel and oxidizer weights when scaling 18 not desired. When

they are used for this purpose the coefficients C(115) and C(117) and MR(4) must be set to zero.

All four coefficlents are initialized at zero and will not be used unless a value (tor-)
i8 input,
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The ACS propellant reserves are computed by the equation:

WACRES = ((172) * WACSFO + C(73)

WA CRES = Weight of ACS Propellant Reserves, lbs
WACSFG = Weight of ACS Propellants, lbs

C(172) = ACS Reserve Propellant Weight Coefficient
C(73) = Fixed ACS Reserve Propellant Weight, 1bs

The coefficient C(172) scales the ACS reserve propellant weight as a function of ACS pro-
pellant weight, A typical input value for C(172) will vary from 0.03 to 0. 05,

The coefficient C(73) is a fixed input to the ACS reserve propellant calculation., Thig input
may be positive or negaiive. This coeificient may also be usged to input a fixed ACS reserve
propellant weight when scaling is not desired, When C(73) is used for this purpose the
coefficient C(172) must be set to zero. The coefficients C(172) and C(73) are both initialized

at zero and will not be used unless a value (+ or -) is input.

The reserve power source propellants are computed by the equation:

WPOWES = C(119) * WPOWFO + C(120)

WPOWRS = Weight of Reserve Power Source Propellants, 1bg
WPOWFO = Weight of Power Source Propellants, lbg

C(119) = Power Source Reserve Propellant Weight Coefficient
C(120) = Fixed Reser—e Power Source Propellant, 1bg

The coefficlient C(119) acales the reserve power source propellants as a function of the

power source propellants. A typical input velue for C(119) will vary from 0.03 to 0.05.
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The coefficient C(120) is a fixed input to the reserve power source propellant calculation.
This input may be positive or negative. This coefficient may also be used to input a fixed
reserve power source propellant weight when scaling is not desired, When C(120) is used
for this purpose thr: coefficient C(119) must be set to zero. The coefficients C(119) and
C(120) are both initialized at zero and will not be used unless a value (+ or -) is input,

The reserve service items are computed by the equation;

WOILRS = C(121) * WOIL + C(122)
WOILRS = Weight of Reserve Service Items, lbsg
WOIL = Weight of Service Item Losses, lbs
C(121) = Reserve Service Items Weight Coefficient
C(122) = Fixed Reserve Service Items, lbs

The coefficient C(121) scales the reserve service items as a function of the service item

losses. A typical input value for C(121) will vary from 0.03 to 0. 05,

The ocoefficient C(122) 18 a fixed input to the reserve gervice iter calculation. This input
mAy be positive or negative. This coefficient may also be used to input a fixed reserve
service items weight when scaling is not desired. When C(122) 1s used for this purpose
the coefficlent C(121) must be set to zero. The coefficien ts C(121) and C(122) are both
initialized at zero and will not be used unleas a value (+ or -) is input.

The total propellant réeserves are summed by the equation:

WRESRV = WFURES + WOXRES + WACRES + WPOWRS + WOILRS
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13.1.3 IN-FLIGHT LOSSES — The in-flight losses includes all losses during main
flight except main impulse propellants.

The vented fue] and oxidizer is computed by the equations:

WFULOS = C(123) * WFUTOT + C(229) * wp + C(124)
WOXLOS = C(125) * wOXTOT + C(230) * WP + C(126)

WFULOS = Weight of Vented Fuel, lbs

WFUTOT = Total Weight of Fuel, lbs

wp = Total Weight of Propellant, 1bg

WOXLOSs = Weight of Vented Oxidizer, lbs

WOXTOT = Total Weight of Oxidizer, lbs

C(123) = Vented Fuel Weight Coetiicient f(Total Fuel)
C(229) = Vented Fuel Weight Coefficient f(Total Propellant)
C(124) = Fixed Vented Fuel Weight, lbs

C(125) = Vented Oxidizer Weight Coefficient {(Total Oxidizer)
C(230) = Vented Oxidizer Weight Coefficient f(Total Propellant)
C(176) = Fixed Vented Oxidizer Weight, lbs

The coefficients C(123) and C(125) scales the vented fuel and oxidizer ag a function of tota]
fuel and oxidizer, respectively. Input values for C(123) and C(125) will vary with different
vehicles, propellants and trajectories so the selection of these values ig left to the user,

The coefficients C(229) and C(230) scales the vented fuel and oxidizer as a function of total
propellant weight, Only one set of coefficients should be used at a time, either C(123) and
C(125) or C(229) and C(230), and the unused set should be zeroed out,
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The coefficients C(124) and C(126) are fixed inputs to the vented fuel and oxidizer calculations,
These inputs may be positive or negative, These coefficients may also be used to ingut a
fixed weight for vented fuel and oxidizer when scaling is not desired, When C(124) :and C(126)
are used for this purpose the coefficients C(123), C(229), C(125) and C(230) must all be

set to zero. All six coefficients are initialized at zero and will not be used unless a value

(+ or -) is input.

The attitude control system propellarts are calculated by the equation:

WACSFO = C(173) * WTO + C(174) * WWAIT (4) + C(175)
WACSFO = Weight of the ACS Propellant, lbs

WTO = Take-off Weight, lbs

WWAIT(4) = Ini..d Orbit Welght, Ibs

C(173) = ACS Propellant Weight Coefficient f(WTO)
C(174) = ACS Propellant Weight Coefficient {{(WWAIT(4))
C(175) = Fixed ACS Propellant Weight, 1bs

The coefficlents C(173) and C(174) scales the ACS propellant as a function of take—off weight
or orbit weight, respectively. Typical input values for the orbiter ACS propellant weight
are C(173) = 0 and C(174) = 0. 0042. Typical input values for the booster ACS propellant
weight are C(173) = 0 and C(174) = 0. 003,

The coefficient C(175) is a fixed input to the ACS propellant calculation, This input may be
positive or negative. This coefficient may also be used to tnput a fixed ACS propellant weight
when scaling is not desired. When C(175) is used for this purpose the coefficients C(173)

and C(174) must be set to zero. The coefficients C(173), C(174) and C(175) are all inidalized
at zero and will not be used unless a value (+ or -) is input.
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The power source propellants are computed by the equation:

WPOWFO . C(38) * WWAIT(6) + C(127)

WPOWFO = Weight of Power Source Propellants, Jbs
WWAIT(@E) - Inltid Entry Weight, Ibe

RE)! - Power Source Propellant Werght Coefficient
Coon x Fixed Power Source Propellant Weight, Ibs

The coefficlent C(33) scales the power source propellant welght as a function ol veehlele entry
weight., A typical orbiter input value for C(34) will vary from o, 008 to 0,01, A typical

booster input value for C(38) will vary from 0. 0002 1o 0, 0004,

The coeffictent C(127) 13 a {ixed input to the power source prupellant calculation. Thiy
input may be positive or negative, This coafficient may 1180 be used to input a fixed power
source propellant weight when scaling 18 not deafred, When C(127) 18 used for this pairpone
the coefffcient C(38) must be set W zero. The ovefficients C@3a) and C(127) ave bath

initialized at zero and will not be used unleas a value (+or -) 1s tnput,

The weight of service item losses are computed by the equation:

WOIL - C(130) * TTOT + C(12y)

WOIL = Weight of Service ltem Losses, lbs
TTOT = Total Stage Vacuum Thrust, lby
C(130) = Service Item Losses Weight Coefficient
C(131) = Fixed Service Item Losses, lbs

The cosfficient C(130) scales the service item losses as a function of total vacuum thrust,
Typical orbiter ta;at values for C(130) will vary from 0,001 to 0.002. Typical booster
input values for C(130) will vary from 0.00002 to . 00004,
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he woeffictent C(131) 1s u fixed input to the service item loss calculation. This {nput may
be poaitive or nogutive. s cuetficlent may also be used W input a fixed service item loss
weight when sealing te ool destred. When C{131) 1» used for this purpose the coefficlent
CEL) must e 8et o vero. The coefficlents C(130) and C(131)) are both inftialized at zero

A1 v not be uged anlens oovidue (* or -) ia input,

Phe coe amt front weight is acoounted for by the equation WFROST - C(78). The ovefficient
7R s A fixed g ut for ice wnid foost, The vidue of C(7%) dopends on the configuration and

munt be estimated by he user,

he welght of slrbreathing fuel, which 13 used for tiyback and landing, is ocomputed by the

equation:

WABFU = GR2I9A - CRU)) WWAIT g - ((215)

WABFU - Weight cf Airbreathing Fuel, 1hs

WWAITE) - Vohiale Entry Weight, lba

C(214) < Flyback Mass Ratio Minus ),

C(215) = Fixed Flyback ¥ropellant Weight, lbs
The C(214) value for the orbiter stage is input by the user and held constant fo; a given run,
Ths C(214) value for the booster is an initial estimate and is updated within the synthesia

program,

The ocoefficdent C(215) is a fixed input tc the airbreathing tuel caleulation. This input may be
posiuve or negative, This coefficlent may also be used to input a fixed airbreathing fuel
weight., When C(215) is used for thia purpose the input . the subroutine that calculates
C(214) must be such to produce zero for that coefiicient. The coefficient C(215) is initialized
at zero and will not be used unless a value (+ or -) i8 input,

The total weight of the in-flight lceses i3 summed by the equation:

WLOSS = WFULOS + WOX LOS + WACSFO + WPOWFO + WOIL
+ WABFO + WFROST
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13.1.4 THRUST DECAY PROPELLANTS — The thrust decay propellants are calculated by

the equation:

WDECAY = C(166) * TTOT + C(i67)
WDECAY = Weight of Thrust Decay Propellants, lbs
TTOT = Total Stage Vacuum Thrust, lbs

C(166) = Thrust Decay Propellant Weight Coefficient
C(167) = Fixed Thrust Decay Prupellant Weight, lbs

The coefficient C(166) scales the thrust decay propellant aa g function of total vacuum thrust,
The input value for C(166) will depend upon the type of engine and mnst be estimated by the

user,

Ine coefficient C(167) is a fixed input to the thrust decay propellant calculation. This input
may be positive or negative. This coefficient may also be used to input a fixed thrust decay
propellant weight when scaling is not desired. When C(167) is used for this purpose the
coefficient C(166) must be set to zero. The coefficients C(166) and C(167) are both initialized
at zero and will not be used unless a value (+ or -) s Input,

The total thrust decay propellant welghts are sub-divided into fuel and oxidizer by the equations:

WFDCAY = WDECAY * CFUEL (3)

WODCAY = WDECAY - WFDCAY

WFDCAY = Weight of Thrust Decay Fuel, lbs
WDECAY = Weight of Thrust Decay Propellants, lbs
CFUEL(3) = Main Impulse Propellant Mixture Ratio
WODCAY = Weight of Thrust Decay Oxidizer, lbs
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13.1.5 MAIN IMPULSE PROPELLANTS - The main impulse propellants are ocomputed
by the equation:

WFUOX = WWAIT (2) * (MR (3) - 1.0)/MR(3)

WFUOX = Weight of Main Impulse Propellant, 1bs

WWAIT@2) = Take-off Weight, lbs )
MR(3) = Main Impulse Mass Ratio _

The main impulse propsllaat weightis then sub-divided into fuel and oxidizer weight by the

o W s g -

equations;
WFUEL@3) = WFUOX * CFUEL (3) 3
T
WOX(3) = WFUOX - WFUEL (3) )
WFUEL(3) = Weight of Main Impulse Fuel, lbs

WFUOX @ Weight of Main Impulse Propellant, lbs
CFUEL(3) Main Impulse Propellant Mixture Ratio
WOX (3) Weight of Main Impulse Oxidizer, lbs

H
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13.1.6 THRUST BUILD-UP PROPELLANTS ~ The thrust build-up propellants may

be computed from mass ratio or input as a fixed value, If computed, the input s MR(1)
which may be a mase ratio valye ordelta V. If delta V is input it will be converted to
mass ratio prior to use in the thrust build-up propellant calculation equation,

The following equations are used for the thrust build-up propellant calculations:

WFUOX = WWAIT(1) * (MR(1) -1) /MR(1)

WFUOX = Weight of Thrust Build-up Propellants, Ibs
WWAIT(1) =  Ignition Weight, 1bs

MR(1) = Thrust Build-up Mass Ratio

The thrust build-up propellant weight is then sub-divided into fuel and oxidizer weight by

the equations:
WFUEL(]) = WFUOX * CFUEL (1)
wax(1) = WFUOX - WFUEL (1)
WFUEL()) = Weight of Thrust Build-up Fuel, lbs

WFUQX = Weight of Thrust Build-up Propellants, 1bs
CFUEL(1) Thrust Build-up Mixture Ratio
wax(1) Weight of Thrust Build-up Oxidizer, lbs

The thrust build-up propellants may be input as a fixed weight in lieu of ocomputation.
The fixed weights are acoounted for by the equations:

WFUEL(l) =  WFUEL(]) + C(132)
woxm = woxq) + caam

WFUEL(l) = Weight of Thrust Build-up Fuel, 1bs
WOX(1) = Weight of Thrust Build-up Oxidizer, lbs
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C(132)
C(133)

Fixed Thrust Build-up Fuel Weight, lbs
Fixed Thrust Build-up Oxdizer Weight, lbs

[}

The ooefficients C(132) and C(133) are both initialized at zero and will not be used unless
a value (+ or -) is input,

13.1.7 PRE-IGNITION LOSSES — The pre-ignition losses are accounted for by the

equation:

WPREIG =  C(134)

The ccefficient C(134) is a fixed input for pre-ignition losses and must be estimated by the

user,

The total weight of the main fuel and oxidizer is summed in the propellant calculation loop
by the equations:

WFUL
WOXID

WFUL + WFUEL()
WOXID + WOXID (@

where WFUEL() and WOXID(T) represent the fuel and oxidizer weights for flight Phases 1
through 3, respectively,

The total welght of fuel and oxidizer, respectively and the total weight of propellants are
summed by the following equations:

WFUTOT = WFUL + WFURES + WFULOS + WFUTRP + WFDCAY
WOXTOT = WOXID + WOXRES + WOXLOS + WOXTRP + WODCAY
wP = WFUTOT + WOXTOT
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13.1.8 SECONDARY PROPELLANT WEIGHTS — The secondary propellants are used for
orbital tranafer, retro thrust, major maneuvers and de-orbit maneuvers, The equations
for secondary fuel and oxidizer weights are:

WFU2(1) = WWAITG) * (MR(5)-1.) /MR(5) * CFUEL(5)
wox2(y = WWAIT6) * (MR(5)-1.) /MR(5) * (1. - CFUEL(s))
WFU2(1) = Weight of Secondary Fuel, lbs

WWAIT(5) = Initial Entry Weight, lbs

MR{(5) = Secondary Impulse Masgs Ratio

CFUEL(5) = Secondary Impulse Mixture Ratio

waxa(y) = Weight of Secondary Oxidizer, 1bs

The following relationships are utilized for performance calculations:

WFUEL(S) = WFU2(1)
(- WOoX(5) = WOX2(1)

The total weight of main impulse and secondary propellants are summed by the equation:

WFUOX = WFUL + WOXID + WFU2(1) + wQXx2(1)
WFUOX = Weight of Main and Secondary Propellant, lbs
WFUL = Weight of Main Fuel, lbs

WOXID = Weight of Main Oxidizer, lbs
WFU2(1) Welght of Secondary Fuel, lbs
wOX2(1) Weight of Secondary Oxidizer, lbs

The term WFUOX is used for temperary storage in previous calculations of thrust build-up
and main impulse propellants. However, the term as defined here is the exit condition of
WFUOX.
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13.1.9 STAGE WEIGHT CONDITIONS =~ The various conditions of stage weights include
the wet weight, zero fue] weight, take-off weight, gross weight and the net stage weight,

Tre vehicle wet weight is summed by the equation:

WWET = WEMPTY + WRESID + WPERS + WPAYL + WRESRV

The vehicle zero fuel weight is summed by the equation:

WZROFU = WWET + WFULOS + WOXLOS + WACSFO + WPOWFO
+ WOIL + WABFU + WFROST

The vehicle takeoff weight is summed by the equation:

WTO =  WZROFU + WFUOX + WDECAY - WFUEL (1) - WOX (1)

The vehicle gross weight is summed by the equation:

WGROSS = WTO + WPREIG + WFUE L(1) + wax(1)

The net stage weight is summed by the equation:

WTABC = WGROSS - WPAYL

13.1.19 STAGE PERFORMANCE WEIGHTS — The stage performance weights include
ignition, take-off, burnout, initial orbit, initial entry, initial flyback and landing weight,

Ignition weight is designated by WWAIT(1) and 18 computed by the equation:

WWAIT() =  WGROSS - WPREIG

Take-off weight is designated by WWAIT(2) and is computed by the equation:
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WWAIT(2) =  wwaIT()) - WFUEL(1) - WOX(1) - WJET(1)
Burnout weight is designated by WWAIT(3) and is computed by the equation:
WWAIT(3) = WWAIT(2) - WFUEL(2) - WOX(2) - WJET(2)
Initial orbit weight 13 designated by WWAIT(4) and is computed by the equation:
WWAIT(4) = WWAIT(3) - WFUEL(3) - WQx(3) - WJET(3)
Initial entry weight is designated by WWAIT(5) and is computed by the equation:
WWAIT(S) =  WWAIT(4) - WJIET(4)
Injtial flyback weight is designated by WWAIT(6) and is computed by the equation;
WWAIT(6) =  WWAIT(S) - WFUEL(5) - WOX(5) - WJET(5)
Landing weight is designated by WWAIT(7) and is computed by the equation:
P 3 -
* ( j WWAIT(T) =  WWAIT(6) - WABFU
k
?
b
A 4
3
X
,,_. 13.1.11 JETTISON WEIGHTS - The jettison weights for each phase are computed by
R
B the following equations:
; WIET() = ¢
WJIET(2) = 0
WIET(3) = WFROST
WJIET(4) = WFUTRP + WOXTRP + WSRTRP + WDECAY + WFURES + WOXRES
WJET(5) = WACSFO + WFULOS + WOXLOS + WPOWFO + WGASPR + WA CRES
+ WPOWRS

WIJET(6) = o
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14,0 GEOMETRY GDC-DBB70~-002
14.1 GEOMETRY — SPACE SHUTTLE

The gross body volume has been divided into a oumber of sub-volumes, each contributing
its share to the size and welght'of the vehicle. Volumes of items which are outside the
body structural t;nvelt:pe kave in general been ignored, since they do not contribute directly
to vehicle-sizing, Wing volume, for instance, is not included, since there is no equation
calling for this information, External thermal protection is also excluded from volume
calculations,

Within the body volume, only those individual volumes which are called for in some weight
equation are calculated separately. All other volumes within the body are lumped together
as "miscellaneous volume". For instance, there are no program requirements for the
various subsystem bay volumes, so they are not broken out, Thus, "miscellaneous

volume' includes both unusable space and miscellaneous spaces.

The first step in obtaining volume input data is to measure the total body volume of the
baseline vehicle, as drawn. Unless the vehicle is to be fixed size, this volume will change,
It is only important for findirg the percentage of "miscellaneous volume",

Next, the individual sub-volumes within the body are measured (again, some of these

may vary in sizing, but an initial number 18 required to find the unassigned volume percentage):

Main propulsion tanks

Propellant insulation

Personnel compartment

Payload compartment

Recovery system bays

Structure (average structural depth x wetted area)
Propulsion bays

Then the miscellaneous volume may be determined by summing the sub-volumes and sub-
tracting from the total body volume,

Lastly, the volume equations which are applicable to the vehicle being considered are scanned

to determine what inputs are hecessary to drive the equations properly, Al "K" numbers
are preset to zero, so that a non-applicable item need not be entered as zero. All volumes

are in cubic feet,
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14.1.1 GEOMETRY SCALING COEFFICIENTS — The geometry section of the WTSCH
subroutine functions on the principle of photographically scaling from an input configuration.
This 18 accomplished through the use of scaling coefficients that are derived from a beseline
configuration and computed in the STORE subroutine. The geometry coefficients computed
in the STORE subroutine are for horizontal stabilizer planform area, body wetted area, body
planform area, vertical fin planform area, fairing area, body width, body height and body
length. A test is made with each equation to determine if the input is an actual value or a
coefficlent. If a coefficient is input, the equation will be by-passed and if the actual value is
input it will be converted to a coefficient., The equations for these ooefficionts are:

If (CSHORZ , GT . 20.) CSHORZ = CSHORZ /SWING

CSHORZ Horizontal Stabilizer Planform Area or Coefficient, “2
SWING = CSWING - Gross Wing Area, ftz

The inputs for this equation is CSHORZ and CSWING . CSWING must be input as the actual

value and the program will set SWING = CSWING - CSHORZ may be input as a coefficient or
as the actual value.

If (CSBODY . GT . 20.) CSBODY = CSBODY,VBODY?’?

If (CSPLAN , GT . 20.) CSPLAN = CSPLAN /VBODY?"?

If (CSVERT . GT . 5.) CSVERT = CSVERT /VBODY?”?

If (CSFAIR . GT . 20.) CSFAIR = CSFAIR/(CSBODY * VBODY*Y)
If (CBBODY . GT . 6.) CBBODY = CBBODY/VBODY ">

If (CHBODY , GT . 5.) CHBODY = CHBODY/VBODY

If (CLBODY . GT . 20.) CLBODY = CLBODY/VBODY />

/”‘



CSBODY
VBODY

CSPLAN
CSVERT
CSFAIR

CBBCDY
CHBODY
CLBODY

GDC-DBB70-002

Total Body Wetted Area or Coefficient, ft2
Total Body Volume, ft3

Body Planform Area or Coeflicient, ft2
Vertical Fin Planform Area or Coefficient, ft2
Fairing Planform Area or Coeffictert, ftz
Body Width or Coefficient, ft.

Body Height or Coefficient, rt

Body Length or Coefficient, ft

The terms CSBODY, CSPLAN, CSVERT, CSFAIR, CBBODY, CHBODY and CLBODY
In2y be input as actual values or coefficients. The term VBODY must be input as the

actus] baseline value.

The pre-mentioned scaling coefficients are set on the initial pass through the STORE sub-
routine and then held constant as input to the WTSCH subroutine. The vehicle geometry is

vesized in WTSCH on each iteration using these cocefficients.
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14.1.2 VEHICLE GEOMETRY — The oxidizer tank volume may either be calculated,
input as a fixed volume or zeroed out completely. The equation for calculating the oxidizer
tank volume is:

VOXTK = (WOXTOT/RHOX) * (K(2) + 1.) + K(29)
VOXTK = Total Volume of Oxidizer Tank, ft3
WOXTOT = Total Weight of Oxidizer in Tank, 1bs

RHOX = Oxidizer Density, 1ba/ft3
K(2) = Oxidizer Tank Ullage Voluine Coefficient
K(29) = Fixed Oxidizer Tank Volume, ft3

When the oxidizer density is input, the basic oxidizer tank volume will be calculated using
the calculated cxidizer weight. This value is then multiplied by the coefficlent (K(2) + 1.0)
to allow for ullage volume. The input for K(2) is provided by the user. A typical value for
K(2) will vary from 0.02 to 0. 05 depending on the percent of ullage the user desires. The
coefficient K(29), in this equaton, is used to add a fixed oxidizer tank volume to the cal-
culation, This volume may be for internal bottles, lines, etc.

The coefficient K(29) may also be used to input a fixed oxidizer tank volume when scaling
is not desired. When it is used for this purpose the term K(2) is input as -1 and the
first part of the equation is zeroed out. The oxidize » tank volume i8s then established as
VOXTK = K(29).

The oxidizer tank volume may be zeroed out ompletely by setting RHOX and K(29) equal to
zero, When RHOX is equal to zero the program will by-pass the VOXTX equation.
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The oxidizer tank wetted area is obtained by the equation:

SOXTK = CSOXTK * voxTk2/3

SOXTK = Total Oxidizer Tank Wetted Area, ft2
CSOXTK = Oxidizer Tank Surface Area Coefficient
VOXTK = Total Volume of Oxidizer Tank, fta

The insulation volume for main fuel and/or oxidizer tanks is computed by the equation:

VINSTK = K(3) * SFUTX + K(25) * SOXTK + K(4)
VINSTK = Total Tank Insulation Volume, £°

SFUTK = Total Fuel Tank Wetted Area, 11

SOXTK = Total Oxidizer Tank Wetted Area, fi2

K(3) = Average Fuel Tank Insulation Thickness, ft
K(25) = Average Oxidizer Tank Insulation Thickness, ft
K(4) - Fixed Propellant Tank Lasulation Volume, ft°

The input coefficients K(3) and K(25) represents the average fuel and oxidizer tank insulation
thickness in feet, A typical input value for K(3) may be derived by dividing the input value
for C(43) by the insulation density. A typical input value for K(25) may be derived by
dividing the input value for €(77) by the insulation density, The type of insulation may vary,
however, a typical density for microquartz is 6.2 lbs/fta.

The input coefficient K(4) is vied to input a fixed propeliant tank insulation volume to the
basic calculation. It may also be used to input a fixed propellant tank insulation volume when
scaling is not desired, When K(4) is used for this purpose the coefficients K(3) and X(29)

must be set to zero.
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The fuel tank volume may be either calculated or input as a fixed volure. The equation
for calculating the fuel tank volume is:

VFUTK = (WFUTOT/RHOFU) * (K(1) +1.) + K(28) + K(21)
VFUTK = Total Volume of Fuel Tank, ft3

WFUTOT = Total Weight of Fuel in Tank, 1bs

RHOFU = Fuel Density, lbﬂ/t‘t3

K(1) = Fuel Tank Ullage Volume Coefficient

K(28) = Fixed Fuel Tank Volume, ft3

K21 = Fixed Fuel Tank Volume, ft3

When the fuel density is input, the basic fuel tank volume will be calculated using the
calculated fuel weight. This value is then multipli : by the coefficient (K(1) +1.0) to

allow for ullage volume. The input for K(1) will normally vary from 0.02 to 0.05 and is
determined by the user brsed on the amount qf ullage he desires. The coefficients K(28)

and K(21), in this equation are used to input fixed fuel tank volume to the basic calculation,
This volume may be for pressurization bottles, lines, secondary tanks, etc. Two
coefficients are provided so that volumes for different things may be kept as separate inputs.
If the airbreathing fuel is LH, the coefficient K(28) will be calculated by the equation K(28)

= WABFU/RHOFU. This provides a fuel tank volume scaling capability as a function of
flyback fuel weight. The program tests on C(212) and C(213) for this calculation.

The coefficients K(28) and K(21) may also be used to input a fixed fuel tank volume when
scaling is not desired. When they are used for this purpose the term K(1) is input ae
-1 and the first hart of the equation 18 zeroed out. The fuel tank volume is then est-
ablished as VFUTK = K(28) + K(21).

The fuel tank wetted area is obtained by the equation:

CSFUTK * Vl-‘U'I'l'Ez/3

SFUTK =

2
SFUTK = Total Fucl Tank Wetted Area, ft
CSFUTK = Fuel Tank Surface Ares Coefficlent
VFUTK = Total Volume of Fuel Tank, ft°
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The secondary fuel and oxidizer tank volumes are é¢alculated by the equations:

VFUTK2 = WFU2(1) /RHOFU2

VFUTK2 = KM
VOXTKZ =  WOX2(1)/RHOX2

VOXTK2 =  K(8)

VFUTK2 = Total Volume of Secondary Fuel Tank, ft3
WFU2(1) = Weight of Secondary Fuel, 1bs

RHOFU2 = Secondary Fuel Density, lbs/fta

VOXTKZ =  Total Volume of Secondary Oxidizer Tank, ft°
WOX2(1) = Welight of Secondary Oxidizer, 1bs

RHOX2 = Secondary Oxidizer Density, lbs/ﬁ;3

K% = Fixed Secondary Fuel Tank Volume, ft3
K(8) = Fixed Secondary Oxidizer Tank Volume, ft3

The fuel and oxidizer densities ure input values and the weight of secondary fuel and oxidizer
are calculated values. A test is made so that if the fuel or oxidizer densities are input as
zero the respective equation will be by-passed and the volume of fuel and oxidizer will be
equal to the input values of K(7) and K(8), respectively.

VPROP

K(16) * TTOT + K(17)

VPROP Volume of Propulsion Bay, fta

TTOT = Total Stage Vacuum Thrust, lbs

K(16) Propulsion Bay Volumae Coefficient, ft3/1b
K(17) Fixed Propulsion Bay Volume, ft3

[}

The input coefficient K{16) is used to scale tho propulsion bay volume with thrust, This
coefficient is determined by measuring the propulsion bay volume on the baseline con-
figuration and then dividing that volume by the baseline thrust,
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The ooefficient K(17) 18 used to input a fixed propulsion bay volume to the basic calculation,
This coefficient may also be used to input a fixed propulsion bay volume when acaling is
not desired. When K(17) is used for this purpose the coefficient K(16) must be set to zero,

The payload bay volume is input as a fixed value, The equality for payload volume is:

VCARGO = K(9)

The input value for K(9) is established by the user.

The crew compartment volume is calculated by the equation:

VCREW = K(5) * NCREW + K(6)

VCREW = Volume of Crew Compartment, ft3
NCREW = Number of Crew Members

K(5) = Crew Volume Coefficient

K(6) - Fixed Crew Volume, £t

The input coefficient K(5) 18 used to scale the crew compartment volume by crew size.
The user may input any desir. d volume for K(5), however, a typical value would range
from 100 to 150,

The coefficient K(6) 1s used to input a fixed crew compartment volume to the basic cal-
culation. This coefficient may also be used to input a fixed crew compartment volume when
scaling is not desired. When K(6) i8 used for this purpose the coefficient K(5) muct be set

to zero,

The equation for calculating the recovery system bay (landing gear) volume is:

VLGBAY = K(12) * WLG + K(13)
VLGBAY = Volume of Recovery System Bay, fe3
WLG = Total Weight of Landing Gear + Controls, lbs
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Landing Gear Bay Volume Coefficient, ft3/1b
Fixed Landing Gear Bay Volume, 3

K(12)
K(13)

The input coefficient K(12) is used to scale the Tecovery system bay volume as a function
of landing gear weight. This input coefficient 18 determined by dividing the baseline
recovery system bay volume by the landing gear weight.

The coefficient K(13) is used to input a fixed recovery system bay volume to the basic
calculation. If the K(12) input scales the volume to much the coefficient may be reduced
and a fixed portion added to K(13). The K(13) coefficient may also be used to input a fixed
recovery system bay volume when scaling is not desired. When K(13) 18 used for this
purpose the coefficient K(12) must be set to zero.

The body wetted area is scaled by the equation:

CSBODY * VBODYZ/3

SBODY =
SBODY = Total Body Wetted Area, fi2

CSBODY = Total Body Wetted Area or Coefficient
VBODY = Total Body Volume, ft°

The volume taken up by structure is based on the body wetted area and average structural
depth, excluding thermal protection outside of the body shell. The equation for structure

volume is:
VSTRUC = K(10) * SBODY + K(11)
VSTRUC = Volume of Basic Structure, ft3
SBODY = Total Body Wetted Area, ft2
K(10) = Average Body Structural Depth, ft
K(11) = Fixed Body Structural Volume, ft3
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The coefficient K(10) 1s the average structural depth of the basic shell measured in feet.
This input value Is estimated by the user and based on the baseline configuration,

The coefficient K(11) is & fixed ioput volume to the structural volume calculation., This
coefficient may also be used to input a fixed structural volume when scaling is not desired.
If it is used for this purpose the coefficient K{10) must bo set to zero,

All other vehicic volume not acoounted for in the preceding equations Is called ""miscellaneous
volume' evep though it includes much space that is utilized as well as unusable volume.

The equation for miscellaneous volume is:

VOTHER = K(18) * (VBODY - VCARGO - VSTRUL, + K(19)

VOTHER = Miscellaneous and Unused Volume, 1t3
VBODY = Total Body Volume, ft3

VCARGO = Volume of Cargo Bay, ft3

VSTRUC = Volume of Basic Structure, 13

K(18) = Miscellaneous Volume Coefficient
K(19) = Fixed Miscellaneous Volume, £t3

The input coefficient K(18) is used to scale the miscellaneous volume as a function of the
usable internal volume. The baseline miscellaneous volume is obtained by summing all
the sub-volumes obtained from the baseline configuration and subtracting that from the
baseline total volume, For some configurations it may be apparent that a portion of this
miscellaneous volume will not vary with sizing (an equipment bay, for instance). This
fixed volume may be input as K(19). The remaining miscellaneous volume is divided

by the baseline usable internal volume to obtain the K(18) input value,

The input coefficient K(19) may be used to input a fixed miscellaneous volume to the basic
calculation, This coefficient may also be used to input a fixed miscellaneous volume when
scaling 18 not desired. When K(19) i8 used for this purpose the coefficient K(18) must be

set to zero,
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VBODY = K(8 * (VFUTK + VOXTK) + K(23
and
VOTHER = VBODY - VFUTK - VOXTK - VINSTK - VCREW - VCARGO
- VSTRUC - VLGBAY - VPROP - VFUTK2 - VOXTK2
where
K(18) = Slope of Body Volume Versus Propellant Volume Curve,
K(23) = Body Volume Intercept, ft°

A test 18 made on K(18) to determine which method is used, If the K(18) input is greater
than 1,0 then the alternate method is used. The following steps must be taken if the
alternate method is desired.

A graph of body volume versus propellant volume is developed for the bageiine configuration,
as shown in Figure 14,1-1. This may be done by establishing a point smaller and a point
greater than the baseline vehicle, With a graph as shown in Figure 14, 1-1 the K(18) and
K(23) input values may be determined.

K(23) = Body Volume at Zero Propellart Volume Intercept,
3 K(18) Body Volume - K(23)} /Propellant Volume

N The data shown in Figure 14.1-1 is a sample of the type of data that must be generated
‘ for each baseline configuration under consideration. The data from Figure 14,1-1 is
not to be used as typical input for any given case,

The alternate method requires a little more work to obtain the initial inputs but it also
ylelds more accuracy in the final output.
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14.1.3 GEOMETRY UP-DATE — The oonfiguration geometry is updated on each
iteration. The new total body volume 1s summed by the equation:

VBODY = VOXTK + VFUTK + VINSTK + VPROP + VCARGO + VCREW
+ VLGBAY + VFUTK2 + VOXTK2 + VSTRUC + VOTHER
A test is made to determine if the wing has a fixed area or if .. has a fixed wing loading. This
test is made on the input value of fixed wing loading (FXWOVS), If the fixed wing loading
(FXWOVYS) is input as zero the wing area will remain fixed and the wing loading will be cal-
culated by the equation:

WOVERS = WWAIT NWL)/SWING
WOVERS = Wing Loading, 1bs/f

WWAIT(NWL) = Design Weight for Wing Loading or Area, lbs
SWING = Gross Wing Area, ft2

s If the wing loading input is a fixed value (FXWOVS) the wing area will be calculated by the

equation:
SWING = WWAIT (NWL) /FXWOVS
SWING = Gross Wing Area, ft2

WWAIT(NWL) = Design Weight for Wing Loading or Area, lbs

FXWOVS = Fixed Wing Loading, lbs/ft2
The term WWAIT(NWL) 18 used to provide the user with the option of selecting ignition
through landing weight as the designing condition for wing loading or wing area caleula-
tion. This 18 accomplished by inputting a value from 1to 7 for the wing loading flag NWL,
For example, if NWL = 6 and FXWOVS = 100, the wing area will be sized for a fixed
loading of 100 psf at initial flyback condition,

With the wing area established the geometric wing data is then calculated. The calculated
wing data includes the geometric wing span, root chord, Hp chord, structural span
measured along the 50% chord and the thickness at the root. This data is determined by

the following equations:
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GSPAN

GSPAN
ASRATO
SWING

CROOT

CROOT
SWING
TPRATO
GSPAN

CTIP

CTIP
CROOT
TPRATO

CSPAN
GSPAN
ASWEEP
RTOD

TPRATO

(ASRATO * SWING) 1/2

Geometric Wing Span, ft
Aspect Ratio
Gross Wing Area, £t

2 * SWING/( (1 + TPRATO) * GSPAN)

Wing Root Chord, ft
Gross Wing Area, ft2
Wing Taper Ratio
Geometric Wing Span, ft

CROOT * TPRATO
Wing Tip Chord, ft

Wing Root Chord, ft
Wing Taper Ratio

GDC-DBB70-002

GSPAN/COS (ATAN (TAN ( ASWEEP/RTOD) - (.5 * CROOT *
(1 + TPRATO) /(GSPAN/2))))

Structural Span (along .5 Chord), ft
Geometric Wing Span, ft
Wing Leading Edge Sweep Angle, deg

Degrees to Radians Conversion Factor (57, 3)

Wing Root Chord, ft
Wing Taper Ratio
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TROOT

TROOT

TOVERC

CROOT

The body wadth is

BBODY

BBODY

CBBODY
YBODY

GDC-DBI70-60%

TOVERC * CROOT

Theoretical Root Thickness, ft
Wing Thickness Over Chord Ratio
Wing Root Chord, ft

computed by the equation:

h

CBBODY * VBODYV3

Body Width, ft
Body Width Coefficient o
Total Body Volume , ftS

The exposed wing area is computed by ths equation:

SXPOS

SXPOS
SWING
CROOT
BBODY
ASWEEP
RTOD

SWING - (CROOT * BBODY - (.5 * BBODY) ** 2 * TAN(ASWEEP/RTOD)

Exposed Wing Area, 2

Gross Wing Arva, ft2

Wing Root Chord, ft

Body Width, ft

Wing Leading Edge Sweep Angle, deg
Degrees to Radians Conversion Factor (57.3)

The areas for horiz: ital stabili cr, body wetted area, vertical fin, fairings, and body

planform are computed by the following r.et of equations:
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SHORZ
SBODY
SVERT
SFAIR

SPLAN

SHORZ
CSHORZ
SWING
SBODY
CSBODY
VBODY
SVERT
CSVERT
SFAIR
CSFAIR
SPLAN
CSPLAN

GDC-DBB70-002

CSHORZ * SWING
CSBODY + VBODY?/3
CSVERT * VBODY*/®
CSFAIR * SBODY
CSPLAN * VBoDY?/3

Horizontal Stabilizer Planform Area, ft2
Horizontal Stabilizer Planform Area Cos fficient
Gross Wing Area, ft2

Total Body Wetted Area, ft2

Body Width Coefficient

Total Body Volume, ft3

Vertical Fin Planform Area, fi>

Vertical Fin Planform Area Coefficient
Total Fairing or Shroud Surface Area, ft2
Fairing Planform Area Coefficient

Body Planform Area, ft2

Body Planform Area Coefficient

The body height and length are computed by the equations:

HBODY
LBODY

HBODY
CHBODY
VBODY
LBODY
CLBODY

CHBODY * vBoDY1/3
CLBODY * VBODY!/3

Body Height, ft
Body Height Coefficient
Total Body Volume, f13
Body Length, ft
Body Length Coefficient
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The user may set various areas that are covered by TPS. Thig 18 done by setting the
ITPS flag at values from 1 through 8. Table 14.1.2 relates the ITPS number to the
&rea summation that i8 covered by TPS. The ITPS flag is initialized at 1.0 and does
not need to be input if TPS i rot required.

Table 14.1.2, TPS Areas,

ITPS VALUE TPS AREA
1 STPS(1) = o
2 STPS(1) = SBODY
3 STPS(1) = SBODY + SHORZ
4 STPS(1) = SBODY + SHORZ + SVERT
5 STPS(1) = SBODY +SHORZ + SVERT + SWING
6 STPS(1) = SHORZ + SVERT + SWING
7 STFS(1) = SBODY + SWING
8 STPS(l) = SBODY + SVERT
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SECTION II
DESCRIPTION OF TERMS FOR
WEIGHT/VOLUME SUBROUTINE
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Clch)
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C(ll)
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C(2)
C(36)
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c(34)
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C(49)
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INPUT COEFFICIENTS (CONT)

TERMS DESCRIPTION UNITS REF, SECTION
C(51) FUEL TANK PRESSURE SYSTEM NEIGHT COEF LBS/FT3 5,1,8
cise) OXID TANK PRESSURE SYSTEM WEIGHT COEF LBS/FT3 5.1.8
C(53) MOT USED - -
C(54) NOT USED - -
C(5%) AERODYNAMIC CONTROL SYSTEM WEIGHT COEF = 6ele4
C(56) FIXED AEROOYNAMIC CONTROL SYSTEM WEIGKT LBS 6.1.4
c(smn NOT USED - -
C(58) NOT USED -— -
€ (59) NOT USED - -
C(60) FIXED PRIME POWER SOURCE TANKAGE WEIGHT LBS 7.1.1
Cul) NOT USED - -—
C(62) ELECTRICAL SYSTEM WEIGHT COEF, - 7.1.1
C(e3) ELECTRICAL SYSTEM WEIGHT CGEF, -- Telel
C(64) FIXED ELECTRICAL SYSTEM WEIGHT L8S 2% U9
C(65) HYDRAULIC/PNEUMATIC SYSTEM WEIGHT COEF == 7.1.2
C(66) HYDRAULIC/PNEUMATIC SYSTEM WEIGHT COEF e 712
Cte7) FIXED HYDRAULIC/PNEUHATIC SYSTEM WEIGHT L8S Tele2
C(68) FIXED GUIDANCE AND NAVIG, SYSTEM WEIGHT LBS 8.1.1
C(69) INSTRUMENTATION SYSTEM WEIGWT COEF LBS/FT 8.1.2
C(70) FIXED INSTRUMENTATION SYSTEM WEIGHT LBS 8,1.2
C(r1) COMMUNICATION SYSTEM wEIGKT COEF, -~ 8.1.3
c(7r2) FIXED COMMUNICATION SYSTEM AEIGHT LBS 84143
C(73) FIXED ACS RESERVE PROPELLANT WEIGHT LBS 13.1.2
C(r4) EQUIPMENT ECS WEIGHT COEF. - 9.1.1
C(7rs) CREW PROVISIONS WEIGHT COEF, .- 9,1.1
L(76) FIXED CREw PROVISIONS WEIGHT LBS 9,1.1
carm OX1D TANK INSULATION UNIT WE IGHT LBS/FT2 5.1.5
' c(78) FIXED ICE AND FROST WE]IGHT LBS 13.1.3
! C(79) NOT USED - -
c(80) NOT USED - -
C(81) NOT USED - -
C(82) NOT USED - -
c(8y) NOT USED - -
cian) NOT USED - -
c(8s) NOT USED . -
c(86) NOT uSED o= -
c(87) NOT USED - .
C(88) NOT USED - -
c(89) NOT USED - -
C(90) NOT USED - -
C(91) NOT USED - -
C(93) NOT USED - -
C(9u) NOT USED -e —-
C(95) NOT USED - -
C(96) CONTINGENCY AND GROWTH COEF, - 106143
n C(97) CREW WEIGHT COLF, - 11.1.¢%
T C(98) FIXED CREW WEIGHT LBS 11.1.1
s C(99) NOT USED - .-
. C(100) NOT USED - -
: W?
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INPUT COEFFICIENTS (CONT)

TERMS DESCRIPTION UNITS REF, SECTION
Laon) NOT USED - -
C{102) PAYLOAD/CARGO WwEIGHT COEF. -~ 12.1.1
Ct103) FIXED PAYLOAD/CARGO wEIGHT LBS 12.1.1
C(10u4) PASSENGER WEIGHT COEFFICIENT - 12.1.1
C(10%) FIXED PASSENGER WEIGHT Las 12.1.1
C(109%) FUEL TANK GASEUUS WEIGHT COEF, LBS/FT3 13.1.1
C(107) OXID TANK GASEUUS wEIGHT COEF, LBS/FTS 13.1.1
C(108) FIXED PRESSURE AND PURGE GASEOUS WEIGHT LBS 13.1.1
C(109) TRAPPED FUEL WEIGHT COEF, F(FUEL wT,) - 13.1.1
C(110) FIXED TRAPPED FUEL Wt J6HT LBS 13.1.1
C(111) TRAPPED OXID wEIGHT COEF, FtoxID wT,) - 13.1.1
Ci112) FIXED TRAPPED OXID wt IGHT LBS 13.1.1
C(113) TRAPPED SERVICE ITEMS WEIGHT COEF. — 13.1.1
Cl1t4) FIXED TRAPPED SERVICE ITEMS WEIGHT LBS 13.2,1
C(115) FUEL RESERVE wt IGHY COEF, - 13.1,1
c(116) FIXED RESERVE FUEL wEIGHT LBsS 13.1.2
can OXID RESERVE wtIGMT COEF, - 13.1.2
Cr118) FIXED RESERVE OXIDI1ZeR WEIGHT LBS 13.1.2
C{119) POWER SOURCE RESERVE PROPELLANT wT COEF ~- 13.1.2
C(120) FIXED RESERVE POWER SOURCE PROPELLANT LBS 13.1,.2
C(121) RESERVE SERVICE ITEMS WEIGHY COEF, - 13.1.2
C(122) FIXED RESERVE SERVICE ITEMS LRS 13.1.2
C(123) VENTED FUEL WEIGHT COEF, F(TOTAL FUEL) == 13.1.3
C(124) FIXED vENTED FUEL WEIGHT LB8s 13.1.3
c(12%) VENTED OXI0 WEIGHT COEF, F(TOTAL OXID) w- 13.1.3
C(126) FIXED VENTED OXID WEIGHT LBS 13,1.3
cu2”n FIXED POWER SOURCE PKOPELLANT WEIGHT LBS 13.1,3
C(128) NOT USED - -
C(129) FIXED MAIN THRUST PER ENGINE L8s 2,1.5
C(13m) SERVICE ITEM LUSSES WwEIGHT COEF, - 13.1.3
c(131) FIXED SERVICE ITEM LOSSES LB8s 13.1.3
Ct132) FIXED THRUST BUILD=UP FUEL WEIGHT LBS 13.1.6
C(133) FIXED THRUST BUILD=-UP OXID wEIGHT LB8S 13.1.6
C(134) FIXED PRE=IGNITION LOSSES LBS 13.1.7
C(135) VERTICAL FIN wtIGHY COEF, - 1.1.2
C(130) FIXED SECONDARY FUEL SYSTEM wEIGHT LBs S.1.4
C(137) FIXED SECONDARY OXID SYSTEM WEIGHT L.BS Selott
C(138) INTEGRAL OXID TANK wtIGHT COEF, LBS/FYa 2.4,2
SES B.Te D) FIAED INTEGRAL OXID TANK WEIGHT l.BS 2.1.2
C(140) SECONDARY ROCKLT ENGINE WEIGHT COEF, - S5.1.1
C{i41) FIXED SECONDARY ROCKET ENGINE WEIGHT LBS 5.1.1
Cl142) NOT USED - -
Ct14d) LAUNCH GEAR WEIGHT COEF, -- 4,1.4
Clluy) FIXED LAUNCH GEAR wEIGHT L.BS 4.,1.1
Cl14d) VDEPLOYABLE AERUDYNAMIC DEVICES WY COEF «= 4.1.3
C({146) FIXED DEPLOYABLE AERODYNAM]IC OEVICES WT LBPS 4,1,3
ceia7) DOCKING STRUCTURE WEIGHY COEF ., - B.let
C(iu8) FIXED DOCKING STRUCTURE WEIGHT LBS 4,1.4
C(149) AIRBREATHING ENGINE THRUST PER ENGINE LBS 5.1.8
C(15%0) NOT USED - .-




TERMS

C(151)
C(152)
C(153)
C(154)
C(155)
C(1%56)
C(157)
C(158)
C(159)
C(160)
ci1e61l)
C(162)
C(163)
C164)
C(165)
C{160)
C(167)
C(168)
C(169)
C(170)
C(17})
C(172)
Ca17ry
CL178)
C(175)
“(176)
CaL7?)
C(178)
C(179)
C(180)
c(181)
C(182)
C(183)
C(184)
C{185)
C(1806)
C(187)
C(188)
C(189)
C(190)
c(191)
C(192)
C(193)
C(194%)
C(19%)
C(196)
C(197)
C(198)
ct199)
C(200)

INPUT COEFFICIENTS (CONT)

DESCRIPTION

NOT USED

NOT USED

SEPARATION SYSTEM WEIGHT COEF,

FIXED SEPARATION SYSTCM WEIGHT

ACS SYSTEM WEIGHT COEF,

ACS SYSTEM WEIOHT COEF .

FIXED ACS SYSTEM WEIGHT

FIXED SECONDARY THRUSY

NOT USED

GIMBAL SYSTEM WEIGHT COEF,

FIXED GIMBAL SYSTEM WEIGHT

FIXKED CONTINGENCY AND GROWTH WEIGHT
FIXED THRUST STRUCTURE WEIGHT

ACS TANK WEIGHT COEF,

FIXED ACS TANK WwEIGHT

THRUST DECAY PHOPELLANT WEIGHT COEF,
FIXED THRUST DECAY PROPELLANT WEIGNHT
THRUST STRUCTUKRE WEIGHT COEF,

FIXED SECONDARY STRUCTURE wEIGHT
SECONDARY FUEL SYSTEM WEIGHT COEF,
SECONDARY OXID SYSTEM WEIGHT COEF,
ACS RESERVE : OPELLANT WEIGMT COEF,
ACS PROPELLAL" WEIGKT COEF. F(wTO}
ACS PROPELLANi WEIGHT COEF, F(wWwAlIT(4))
FIXED ACS PROPELLANT WEIGHT
HORIZONTAL STABILIZEK WEIGHT COEF.
NOT yStED

NOT USED

NOT USED

INSULATION UNIT WEIGHT

COVER PANEL UNIT WEIGHT

LANDING GEAR WL IGHT COEF,. F(WLAND)
ENGINE MOUNT wEIGMT COEF,

FIXED ENGINE MOUNT WEIGHT
AERODYNAMIC COINTROL SYSTEM wEIGHT COEF
NOT USED

FIXED PRESSURIZATION SYSTEM WEIGMT
NOT USED

FUEL TANK WEIGHT COEF, (uP;

FIXED FUEL TANK wEIGHTY

FUEL DIST, SYSTEM=PART 1 WEIGHT COEF.
NOT USED

NOT USED

NOT USED

NOT USED

NOT USED

NOT USED

NOT USED

NOT USED

NOT USED
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UNITS

LBS

L8s
LBS

LBs
LBS
LBsS

L8S

L8sS
LBs
LBS/FT3
LBS/FT3

LBS

LBS/FT2
LBS/FT2

L8s
LBS
LBsS
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INPUT COEFFICIENTS (CONT)

TERMS OESCRIPTION UNITS REFe SECTIUN

C(201) NOT USED -

c(202) NOT USED -

c(203) NOT USED -

C(204q) NOT USED —

C(205) NOT USED -

C(206) NOT USED -

c(207) NOT USED -

c(208) NOT USED -—

C(209) iOT USED —_—

c(210) AIRBREATHING ENGINE WEIGHT COLFe - Selsl

c2i1) FIXED AIRBREATHING ENGINE WEIGHT Lys Selel

c(er2) AIRBREATHING TANKAGE + 5YSTcM Wle COLF ~= Selel0

Ct213) FIXED AIRBREATHING TANKAGE + SYS5Te wTe LBS Selelu
* C(21a) FLYBACK MASS RATIOQ MINU> 1.0 - 13e1e3

c(21s) FIXED FLYBACK PROPELLANT WE]GHT Les 13eled

C(216) NOT USED -

ce2:17) NOT USED —

ce218) NOT USED -

C(219) ROCKET ENGINE wTe COEF. F{THRUST AREA) -~ Selel

c(220) ROCKET ENGINE AREA RATIO - Selel

c(223) ROCKET ENGINE AREA RAT]O EXPONENT - Selel

c222) NOT USED -—

ct223) NOT USED -

C(224) NOT USED -

cl2285) TRAPPED FUEL WEIGHT COEF F{PROPELLANT) == 13e1al

C(226) TRAPPED FUEL WEIGHT COEF F(THRUST) - 1361l

C(227) TRAPPED OXID WE[GHT COEF FAPROPELLANT) == 13elel

c(228) TRAPPED OX1D WEIGHT COLF F(THRUST) - 13101l

C(229) VENTED FUEL WEIGHT COEF F(PROPELLANT) == 13e1e3

C(230) VENTED OXID WEIGHT COEF ' F(PROPELLANT) == 13e143

c(231) NOT USED -

c232) NQOT USED —-——

c(233) NOT USED -

C(234) NOT USED -

C(235) NOT USED -

C(236) NOT USED -

c237) NOT USED -

C(238) NOT USED -

Ct239) NOT USED -

Ct240) NOT USED -

C(24]) NOT USED —

C(242) NOT USED —

ct2a3) NOT USED -

C(244) NOT USED -

C(245) NOT USED -

C(246) NOT USED -

C(247) NOT USED -

C(248) NOT USED —

C(249) NOT USED -

C(250) NOT USED - .

* INITIAL ESTIMATE ONLY FOR THE BOOSTER STAGE
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TERMS

C{252)
Ci252)
C(253)
Ctasy)
C(255)
Ci256)
C(257)
C(2548)
C{259)
C(260)
C(261)
L(262)
C(263)
C{26%)
C(265)
C(266)
C(267)
C(268)
C(269)
ct270)
211
L(272)
Ci273)
Clta7Tw)
C(21%5)
C(27%6)
C2r7)
c27s)
C(219
C(280,
C(281)
c(282)
C(283)
C(284)
C(28%)
C(286)
cc287)
c(288)
C(289)
Cigs0)
Ci291)
C{292)
C(293)
C(294)
C(295)
C(296)
C(297)
C(294)
C(299)
C(300)

NOT
NOT
NOT
NOT
NOT
NOT
iNOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
HOT
NOT
NOT
NOT
NOTY
NOTY
NOT
NOT
NOT
NOT
NOT
NOT

USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
JUSED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED
USED

INPUT COEFFICIENTS (CONT)

DESCRIPTION
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UNITS KEF,

SECTION




SPACE SHUTTLE wTSCH SUOROUT INE (CONT)

INPUT TERMS

TERMS VESCRIPTION UNITS REFe 5kCTIUN
ANENGS NUMBER OF AIRBREATHING ENGINES - Sele8
ANTANK NUMBER OF AIRBREATHING FUEL TANKS 1JpP) - Selets
ASRATO WING ASPECT RATIO - lGele3
ASWEEP WING LEADING EDGE SWEEP ANGLE DEG 1401463
CwBopY BODY WIDTH OR COEFFICIENT FT l4elel
CFUEL(1) THRUST oUILO-UP MIXTURE RATIO - -
CFUEL (2) NOT USED —

CFUEL(3) MAIN IMPULSE MIXTURE RAT]O - -
CFUEL(4) MAIN IMPULSE RESERVE MIXTURE RATIO - -
CFUEL(5) SECONDARY [MPULSE M]XTURE RATIO - -
CFUEL(6) NOT USED -
CHBODY BOLY HEIGHT OR COEFFICIENT FT l4elal
ciBoDY BOLY LENGTH OR COEFFICIENT FT l4elael
csS800Y TOTAL BOOY WETTED AREA OR COEFFICIENT F12 l4eleal
CSFA IR FAIRING PLANFORM AREA OR COEFFICIENT FT2 14elsl
CSFUTK FUEL TANK SURFACE AREA COEFF JCIENT - l4eles
CSHORZ HORJZONTAL STAB, PLANFORM AREA OR COEFs FTc 14014l
CSOXTK OXID TANK SURFACE AREA COEFF JCLENT - l4elac
CSPLAN BODY PLANFORM AREA OR COEFFICIENT FT2 14¢1,41
COVERT VERTICAL FIN PLANFORM AREA UR CULF» FTc l4elsel
** CSWING WING PLANFORM AREA FTe -
CTHRST VACUUM THRUST Tu LIFT~-OFF WwE IGHT RATIO w=- celed
CTHSTR SECONDARY PROPULSION T/w RATLO - Selosl
FAwWOVS FIXED wING LOADING Lbo/FT¢ l4ejev
15P(1) THRUST BUILD=UP PROPELLANT I>P >eC -—
ISP(2) NOT USED —
* 15P(3) MAIN JMPULSE PROPELLANT 15P SEC -—
*4¥ 1SP(4) MAIN IMPULSE RcSERVE PROPELLANT 15P SeC -
15P(5) SECONDARY PROPULSION PROPELLANT 5k SkC —-—
1SP(6) NOT USED —
1TPS TPS FLAG - 180143
K(l) FUEL TANK ULLAGE vOLUMLE COEFF ICIENT - l9elac
K(2) OXIDIZER TANK ULLAGE VULUME COLFF ICLlENT == 19slec
K(3) AVERAGE FUEL TANK [NSULAT]ON THICKNESS FT l4eloc
K(4) FIXED PROPELLANT TANK [INSULATON VuLume FTo I19e¢lsc
K{(5) CREwW VOLUME COEFF ICleNT - 16elec
K(6) FIXED CREW voOoLuUME FT3 l4s)ec
K(7) FIXED SECONDARY FUEL TANK VOLUME FT3 18e1.2
K(8) FIXED SECONDARY OXID TANK voLuME FT3 14e1e2
K{(9) FIXED CARGO wAY VOLUME FTo l4e¢lec
K(10) AVERAGE BODY STRUCTURAL DEPTH FT l4elec
K(l}) FIXED BODY STRUCTURAL VOLUME FT3 l4sloc
<(12) LANDING GEAR UBAY VOLUML COEFFICIENT FYasLb l19¢lec
K(13) FIXEU LANDING GLAR BAY VOLUME FT3 l4e}lec
K(l4) NOT USED -
K(15) NOT USED -

* INITIAL ESTIMATE ONLY FOR BOTH STAGES
*% WHEN WING HAS FIXED AREA THIS INPUT IS FIXEDe WHEN WING 1S SIZED

BY WING LOADING THIS INPUT 1S AN INITIAL ESTIMATE ONLY.
*#% INITIAL ESTIMATE ONLY FOR BOOSTER STAGE
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®* # *

LER

TERMS

K(16)
K(17)
K(18)
Kti9)
K(20)
K(21)
K(22)
K(23)
K(24)
K(25)
K(£6)
K(27)
K(Z8)
K(29)
K(30)
KIN
LF
MR(1)
MR(2)
MR (3)
MR (4 )
MR(S)
MR(6)
NCREW
NENGS
NLISTO
NPASS
NwL
PCHAM
Q
RHOFU
RHOFuUZ
RHOX
RHOXZ
SbODY
TOL
TOVERC
TPRATO
TYTALIL
vBODY
wGROSS

INPUT TERMS (CONT)

DESCRIPTION

PROPULSION BAY VOLUME COEFFICIENT
FIXED PROPULSION BAY VOLUME
MISCELLANEOUS VOLWUME COLFF (CIENT
FIXED MISCELLANEOUS VOLUME

NOT USED

FIXED FUEL TANK VOLUME

NOT USED

B800Y VOLUME INTERCEPT (K(18) SCALING)
NOT JUSED

AVERAGE OxlL TANK INLULATIUN TAlCKiNESS
NOT ustL

NOT USED

MAIN FUEL TANK VOLUME FOR FLYBACK
FIXED OX1D1LER TANK VOLUME

NOT USED

NOT USED

ULTIMATE LOAD FACTOR

THRUST BUILD=UP MASS RATLIO OR AV
NOT USED

MAIN IMPULSE MAS> RATIO OR AV

MAIN IMPULSE RESERVE MASS RATIO OR AV
SECONDARY [MPULSE MASS RATIVU OR AV
NOT USED

NUMDER OF CREW MEMBERS>

TOTAL NUMBER OF ENGINES PER STAGE
NAME LIST OUTRUT FLAG

NUMBER OF PASSENGERS

WING LOADING FLAG

MAIN ROCKET ENGINE CHAMBER PRESSURE
MAXIMUM DYNAM]C PRESSURE

FUEL DENS]ITY

SECONDARY FUEL DENSITY

OXIDIZER DENSITY

SECONDARY OXIVIZER DENSLITY

TOTAL BOLY wWeTTED AREA

GROSS WEIGHT ITERATION TOLERANCE
WING THICKNESS OVER CHORD RATIO
wWING TAPER RATI!O

NOT USED

TOTAL 80DY VOLUME

GROSS WEIGHT

INITIAL ESTIMATE ONLY FOR BOTH STAGES
INITIAL ESTIMATE ONLY FOR ORBITER STAGE

148

UNIT>

FT3/Lp
FTJ

FT3

FT3

FTo

FT

PS51A
PS1A
LBS/FTJ
LBS/FT3
LBS/FTS
LBS,/FT3
FTec

LS

REFe SECTIUN

140l el
| X W=
19elec
19el0ec

14elsl

l14s1ec

l4elec

146 }ec
l49elac

Beleus
Celed
1celel
12e1.3
Geloel
leloed
l14elec
l1Gel el
19¢ )62
140l ec
18e ] ed
18e1 e
196163

1a143
13¢1+9



SPACE SHUTTLE WTSCH SUSROUTINE (CONT)

COMPUTED TERIMw

TERMS DESCRIPTION UNITS REFe SECTIUN
ABFSYS AIRBREATHING FUEL. SYSTEM WEIGHT (JP) Lo> Selelo
HBODY BOLY WIDTH FT 18e1.3
CROOT WING ROOT CHCRUD FT 19143

CSPAN STRUCTURAL SPAN (ALONG o5 CHORU) FT 140143

CTIP WING TP CHORD FT 18e1e3
GAL TOTAL GALLONS OF FUEL GAL Selel0
GSPAN GEOMETKIC WING sPaN FT 146143

HEO0DY BOUY HEIGHT FT l14el 09
LboDY BOVY LENGTH FT 149e)es

RTO0D DEGREES TO RADIANS CONVERSIUN FACTOR - 19¢1eu
SFAIR TOTAL FALIRING UR SHRUUU SURFACE axta FTe 190613

OFUTK TOTAL FUcl TANK weTTeu ARCA FTa l4elec

SHORYZ RMORTLUNTAL STAGIL. JZER FPLAINF G At M FTc l4e oo

SOXTXK TOTAL OXIDIZok TANK WuTThu smca FTe leslec

SPLAN SOUDY PLANFORM AREA FTe l4sleo

STPS: 1) TOTAL TPS SURFACE AREA FTe l14ele0

SVERT VERTICAL FIN PLANFORM AREA FT2 144163

SWING GROSS WING AREA FTe l14e1e3

SXPCs EXPOSED wING AREA FTe lasles

TUEL GIMBAL SYSTEM DEL.IVEREL TORWUC In=Lo Gelsl

TROOT THEORETICAL RUOT THICKNESS FT l4eled

TTOT TOTAL STAGE VACUUM THRUST Los 2eled

TTOTZ2 TOTAL SECONLARY cNGINe VACUUM ThUST Lu> Selael

TTOVAL TOTAL STAGE VACUUM THRUST OVew 10uluule Lub -
voODYA TOTAL BUDY VOLUMc LeSs STRUCTe ANU 1415C FTo -
vBUDY1 VBODY TU THE 1/3 FOWEK FTo -
vBODYZ VoODY TU THE &2/3 POWER FT3 -
VCARGO VOLUME OF PAYLOAL BAY FTs l4elec
VCREW VOLUME OF CREW COMPARTMENT FTs 14e1ec
VFUTK TOTAL VOLUME OF FUEL TANK FTs l4elec
VFUTK2 TOTAL VOLUME OF SECONDARY Fucl TANK FT3 l4alec
VINSTK TOTAL TANK [NSULAT]ON VOLUME FTa l14slec R
VLGBAY VOLUME OF RECUVERY SYSTEM oAY FT3 l14elsc :
VOTHER MISCELLANEQUS ANU UNUSED VOLUME FT3 18¢lac
VOXTK TOTAL VOLUME OF UXlD1Z2cR TANK FTu 19elec
VOXTK2 TOTAL VOLUME OF SECONDARY OX]UL . TaNK FT3 l4elec 3
VPROP VOLUME OF PROPULSION pAaY FT 140142 ;
VSTRUC VOLUME OF UASIC STRUCTURE FTo léeloe ;
WABFPS WEIGHT OF JUP PRESSURIZATION SYSTEM WL Selel :
WASFS WEIGHT OF JUP FUEL. SYSTEM LESS TANKS Lbs . 501410 ¢
WABFTK WTe OF AIRUREATHING PRCPULe TANKS + SYS LS Sele10 5
WABFU WEICHT OF AIRBREATHING FUEL LuS 13143 !
WABPR WTe OF AIRUREATHING ENGINES FOR FLYBACK LoS Selsel ¢
WACRES WEIGHT OF ACS PRUPcLLANT RESLKVE Lo 13elez £
“ACS WEIGHT OF ATTITuuL CONTROL SYSTEm Loo belec B
WACSFO WEIGHT OF AC> FucL AND OXIDIZER Loa 136100 §-
WACSTK WTe OF ATTITULE CONTROL SYSTeM TANKAGE Los 6elaels ¢
WAERO WEIGHT OF AERODYNAMIC CONTROLS Lus Geloew :
SAUXT WEIGHT OF GEPARATION SYSTeM Lus ©eled :
WAVIOC TOTAL WclGHT OF aVIONIC SYSTEwm o Belel :

R,

WwOLAS]IC TOTAL WEIGHT OF LASIC wLODY Los 2eled

A d




2 A I
ey )V'iR
wOLLCAY
wLISTI
WLISTZ
WUOOCK
wOPLOY
WORANS
wiRY
WoMPTY
WONGMT
wENGS
NENGS2
WFAIR
wECONT
wSDCAY
WFROST
WFU2(1)
WFUEL(])
WFUEL (2)
WFUEL (3)
WFUEL (4)
NEUEL(S)
WFUEL (6)
wWEU
WFUL.OS
WFUNCT
wWFUOX
WFURES
WFUSYS
WFUTK

WFUTKZ2
WFUTOT
WFUTRP
WGASPR
HGNAV

AHORZ

wHyYCAD
WINFUT
WINOXT
wWINSTK
WINST

WINSUL
WUET (1)
WUET(2)
WJUET3)
WJIET (%)
WJUET(S)
wWUET(E)

COMPUTED TERMS (CONT)

DESCRIPTION

TOTAL WEIGHT OF 30DY GROURP

TOTAL WEIGHT OF BOOST AND TRANSFER PUMP

WEIGHT OF PAY!I_.0AD/CARGO

WEIGHT OF COMMUNICATION SYSTEM

WEIGHT OF CONTINGENCY AND GROWTH
TOTAL WbIZHT OF TPs COVER PANELS
WEIGHT OF THRUST DECAY PROPLLLANTS
TOTAL WTs OF FUEL. DISTe SYSTe= PART 1
TOTAL WT OF FUEL DISTe 5YSTe= PARY Z

WEIGHT OF DOCKING STRUCTURE

WEIGHT OF DEPLOYABI.E AERODYNAMIC LEVICE
TOTAL WTe OF FUEL. TANK DUMP + DRA NS

STAGE DRY WEIGHT
WE IGHT EMPTY
WEIGHT OF ENGINE MOUNTS

TOTAL WEIGHT OF ROCKET ENGINE

INSTL.

TOTAL WEIGHT OF SECONDARY ROZKET ENGe
TOTAL WEIGHT OF FAIRINGS OR SHROUDS
TOTAL W {GHT OF FUEL SYSTEM CONTKOLS

WEIGHT OF THRUST DECAY FUEL

TOTAL WEIGHT OF FROST AND ICk

WEIGHT OFf SECONDARY FUEL

WEIGHT OF THRUST BUILD-UP FUEL

NOT USED
WEIGHT OF MAIN IMPULSE FUEL

MAIN IMPULSE FUEL. RESERVE

WEIGHT OF SECONDARY [MPULSE FUEL

NOT USED

WEIGHT OF MAIN FUEL
WEIGHT OF VENTED FUEL
TOTAL WEIGHT OF FUEL TANK

WEIGHT OF MAIN AND SECONDARY PROPELLANT

WEIGHT OF FUEL RESERVE
TOTAL FUEL SYSTEM WEIGHT,

'WEIGHT OF NON-STRUCTURAL FUEL TANK~~

WTe OF SECONDARY FUEL TANK AND SYSTEM

TOTAL WEIGHT OF FUEL.
WEIGHT OF TRAPPED FUFLVX&

O

m@ *;ﬁ‘w o u.! e

73
WE TGHT OF" PRESSUR&!ZATIQN AND PURGE GAb

WEIGHT OF GUIDANCE AND NAVIGATION
TOTAL HORIZONTAL STABILIZER WEIGHT
WEIGHT OF HYDRAUL.IC/PNEUMATIC SYthM

WEIGHT OF INTEGRAL FUEL TANK

WEIGHT OF INTLGRAL OXIUJIZEQ TANK -

TOTAL WE!'SHT OF TANK. INSULATION
WEIGHT OF INSTRUMENTATION SYSTEM.
TOTAL WEIGHT OF TPS INSULATION:
ISNITION TO LIFT~OFF JETT]SON WEIGHT

NOT USED

WEIGHT JETTISONED DURING ASCENT

IN-ORBIT JETTISON WEIGHT
PRE-ENTRY JETTISON WEIGHT
FLY=BACK JETTISON WEIGHT

i _q“ls’hi‘

UNLITS

LBS
(WY
LbSs
Lo
Loa
Lob
Loo
[ER R
Lo
LbS
Lod>
Loud
Lbs
LBS
LbS
LS
LBS
LBS
Lus
LBS
LBS
LBS
LBS
LBs
LS
L8S
LS
LS
LBs
LbS
L8S
LS

“LBS

LBS
LbS
LS -
LS
LB8S
Los
Lbs
LS

_LBs

LbBS
Los
LBS
LBsS
Les
LuS
Lbs
LBS

REFe SECTICN

T 130168
r!boloé NI
£ - :

F5e1e3 .

Beled

Celeb
ODelelvy
12¢1sl
Seleu
i10elel
Jal
136l e«
DelslQ
Delell
Geloea
44143
Selslv
10s1lal
106141
Delec
Selal
Sslel
lelos
SelelQ
13ele¢4s
13e1e3
13+4148
130146

13e¢1e5
13ele2
13¢le8

130167
13ele3
SslelQ
13e1e8

"

Seles

213ele7
14713018l .

13e¢101
Beleal

"leled

7.1&2
2elal

20l el

Seled

= 3el

13s1e1l1t

13elell
13elel}
33slell
1341411

) ‘a-". Yy ot
¥ s o Lk

BNty -



Cubtheu Tl TENMS (CONT)

Ot SRR TION UNITS REFe SECT il
WE TGO LF AU L GEAR LBS Gelgl
sl WE ToHT WP L ANLGING GEAR 4+ CONTROLS LS Gelel
) e INELEGI L D LBS 130l e
AL W TGHT OF L autic « AND RECOVYERY 35YS LuS Qel e
ool UF AL P00, AND PYLONS LS Del s
S snaem T OUF Trimiual LU AY DRIV LER Lo 13ele4
vl = aoHl UF SeHYicE TTeM LOSSES LbsS 13¢143
Wi Lo SLIGHT OF RELERVE SERVICE 1TEMS Lo 13ele2
WO S PoThL wle OF ORIENT,” CONTROL + SERPARAT, LiS S5ele5
YOVERS » 114G COAD I NG LBS/FTE 196163
W) »E IGHT OF THRUST BUILO~-UP OXIDIZER LS 13ele6
L APE S NOT USED el
WO «L [GHT OF MAIN IMPULSE OXIDIZER LBs 134145
WOX({4g) VAIN IMPULSE OXIDIZER RESERVE LS 13ele2
WOX {5 wZ 15RT OF SECONDARYV [IMPULSE OX]DIZER LBS 13el et
WOX (&) NOT USED ‘ -
WOX2 (1) WEIGHT OF SECONDARY OXID]ZER LBS 136108
wOX i & LGHT OF MAIN OXJDIZER LBS 13ele7
WOXLOOL wt iGHT OF VENTLD OXID]ZER LS 13eles
WOUXrE S »tIGHT OF OXIDIZER RESERVE LBS 13elel
WOXSYS TOTAL OXIDIZER SYSTEM weloHT Los Sele?7
WOXTK #Z IGHT OF NON~STRUCTURAL OXID TANK LS Seled
WOXTKZ2 wls OF SECONDARY OXIU TANK AND SYSTEM LBS Selsd
wWOXTOT TOTAL WEIGHT OF CXIDiZER LBS 130l1e7
WOXTQP WE IGHT OF TRAPPEU OXIOIZER LBS 13e¢lel
W TOTAL WEIGHT OF PROPELLANT LS 13e1,7
WRPASS TOTAL WEIGHT OF PASSENGERS Los 1261l
WPAYL 1OTAL PAYLOAD WEIGHT LbBS 12elel
WRERS wWEIGHT OF CREWIGEAR AND CREW LIFE SUPT. LBS llelel
WRPOWER TOTAL WTe OF PRIME POWER SQURCE + TANK LS Telael
wPOWFO WEIGHT OF PRIME POWER SOURCE PRUPELLANT LS 13s143
WPOWRS wTe OF RESERVE POWER SOURCE PROPELLANT Los ldelec
wWPOWTK WEIGHT OF PRIME POWER SOURCE TANKAGE Los Telel
WPPRQV WEIGHT OF PERSONNEL PROV]S LTINS LeS Felsl
WPRE1IG WEIGHT OF PRE-IGNITION L-LSES 5 o LS 13e1e7
wWPROP TOTAL WEIGHT OF PROPULSIUN GROUP LB8s SelelO
WFPRSYS WEIGHT OF PRESSUR]IZA™'0ON SYSTEM LBS Deled
WREFUL TOTAL WTe OF FUEL TAIK REFUELING -SYSTe LWBS Selell
WRES1ID TOTAL WEJGHT OF RESIDUALS LBs 13016l
WRESRYV TOTAL WEIGHT OF PROPELLANT RESERVES LuS 13ele2
WSEAL TOTAL FUEL TANK BayY SEALING WEIGHT LesS SelelO
WSECST TOTAL weclGHT OF BODY SECONDARY STRUCTs Wbs 2sl1 08
wWSORCE wEIGHT OF FRIME POWER SOURCE + DIST. LbS Telsgl
WSk FIRP wE IGHT OF TRAPPED OXIDILER Lbs 13elel
wSTAB WEIGHT OF ENGIME GIMBAL SYSTEM L8S Selsld
WSURF TOTAIL. WEIGHT OF AERODYNAMIC SURFACES L8s leled
wWTABCG HET STAGE WEIIGHT L8S 130169
WTHRST TOTAL WEIGHT OF THRUST STRUCTURE Les 2eled
wTO TAKE~OFF WEIGHT wBs 13149
wTPs VUTAL WwTe OF INDUCEDR ENVIR. PROTECTION ULb& 3el
W ! FTOTAL VERTICAL FIN WEIGHT LHS lele2
15
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CUATUTED TERMS (0 oNT)

DESCRIPTION

cn LA IVION wEIGHT
v TARE«OFF WEIGHT
SO BURNOUT WE IGHT
Al Te=0 INITIAL ORBIT WEIGHT
«x» 31T (D7 INITIAL ENTRY WEIGHT
-4l ie)  INITIAL, FLYBACK WEIGHT
AwAIT17) LANDING WEIGHT
~RAITINSLIDESIGN WT, FOR WING LOADING OR AREA

~we T OPLRATING wEIGMT EMPTY
% ING TUTAL STRUCTURAL wiInG wWEIGHT
wZROF U ZERO FUEL WwEIGHT

UNITS

LBS
LBS
LBS
L8S
L8S
L8S
L8S
L8s
LBS
LBS
LBS

REF, SECTION

13.1,.,10
13.1.10
13.1,10
131,10
13.1,10
13.1,10
13.1..0
14.1.3
13,1.,9
1.1.1
13.1,9
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